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Summary o f  P h .D . T h e s i s  

A S tu d y  o f  Some Animal and V e g e ta b le  F a t s  -  W il l ia m  0 .  R u s s e l l .

P a r t  I  -  A n a l y s i s  o f  Animal F a t s

Mary i n v e s t i g a t o r s  i n  t h i s  f i e l d  have  com pared t h e

r e l a t i v e  abundance  o f  v e g e t a b l e  f a t  a n a l y s e s  w i th  t h e  s c a n t  

i n f o r m a t i o n  a v a i l a b l e  on an im al f a t s  and have  s t r e s s e d  th e  

n e ed  f o r  f u r t h e r  a n a l y s e s  o f  t h e  f a t s  from a  w id e r  v a r i e t y  

o f  a n im a l s .  T h is  s tu d y  i s  c o n c e rn e d  w i th  th e  a n a l y s e s  o f  

e i g h t  an im a l  f a t s  v i s .  t h o s e  from  c r o c o d i l e ,  o s t r i c h ,  

f l a m in g o ,  r a b b i t ,  m ouse , p o r c u p in e ,  a n t e lo p e  and s e a  l i o n .

The r e s u l t s  o b t a i n e d  h av e  been  com pared w i th  t h o s e  d e r i v e d  

from  t h e  f a t s  o f  r e l a t e d  a n im a l s ,  show ing t h a t  i n  g e n e r a l ,  

t h e  f a t s  become s i m p le r  i n  th e  o r d e r s  a q u a t i c  a n im a ls  —

— a m p h i b i a ----- ^ - r e p t i l e s — >- b i r d s  and r o d e n t s — >- l a n d

a n im a l s .  The e f f e c t  o f  d i e t  and o t h e r  c i r c u m s ta n c e s  on 

th e  c o m p o s i t io n  o f  an im a l f a t s  i s  d i s c u s s e d ,  and a  g e n e r a l  

su rv e y  o f  th e  an im al f a t s  so f a r  a n a ly s e d  i n d i c a t e s  t h a t  

t h e r e  i s  a  c o r r e l a t i o n  be tw een  I . Y .  o f  th e  f a t  and f a t t y  

a c i d  c o m p o s i t io n .  E x p r e s s io n s  h a v e  been  d e r i v e d  f o r  f a t s  

o f  I*V. l e s s  t h a n  90 w hich  w i l l  g iv e  t h e  a p p ro x im a te  

c o m p o s i t io n  o f  th e  f a t ,  u s i n g  th e  I .V .  o n ly .

F a r t  XI -  S e p a r a t io n  and I d e n t i f i c a t i o n  o f  U n s a tu r a t e d  Acid©

A number o f  a n im a l  f a t s  a r e  c h a r a c t e r i s e d  by complex 

m i x t u r e s  o f  p o ly e th e n o id  a c i d s ,  and a s  y e t  no s a t i s f a c t o r y



(i 1)

m ethod  h a s  b e en  e v o lv e d  f o r  s e p a r a t i n g  and i d e n t i f y i n g  

them . A ssum ing t h a t  a  p o l y e t h e n o i d  a c id  c o u ld  be s e p a r a t e d  

f r e e  o f  a l l  m a jo r  i m p u r i t i e s ,  t h e  prob lem  o f  d e te r m in in g  i t s  

s t r u c t u r e  was d i s c u s s e d  and a m ethod p r o v i d in g  unam biguous 

r e s u l t s  was i n v e s t i g a t e d .  T h is  m ethod in v o lv e d  a  sy s tem  o f  

p a r t i a l  h y d r o x y l a t i o n  and was s u c c e s s f u l  i n  t h e  e a s e  o f  

m e th y l  l i n o l e a t e .  P u r  t h e r  d e v e lo p m en t  i s  r e q u i r e d ,  h o w ev er ,

b e f o r e  t h i s  m ethod can be a p p l i e d  to  o t h e r  more u n s a t u r a t e d  

a c i d s .  I n  th e  c o u r s e  o f  t h i s  work a  ra icrom ethod  o f  

a n a l y s i n g  m ix t u r e s  o f  mono-and d i c a r b o x y l i c  a c i d s  by p a r t i t i o n  

c h ro m a to g ra p h y  was d e v e lo p e d .

S e v e r a l  a t t e m p t s  were made to  s e p a r a t e  p o ly e th e n o id  a c i d s  

from  a  sam ple  o f  c r o c o d i l e  f a t  i n  a  s u f f i c i e n t l y  p u re  s t a t e  

f o r  c h a r a c t e r i s a t i o n .  V a r io u s  t e c h n iq u e s  su ch  a s  f r a c t i o n a l  

c r y s t a l l i s a t i o n ,  f r a c t i o n a l  d i s t i l l a t i o n ,  ch ro m a to g rap h y  and 

f o r m a t io n  o f  u r e a  com plexes  w ere  u t i l i s e d ,  b u t  none  o f  them 

was e n t i r e l y  s u c c e s s f u l .

f a r t  I I I  -  The C o n s t i t u t i o n  and  P r o p e r t i e s  o f  S a n t a l b i e  A cid

S a n t a l b i e  a c i d ,  th e  c h i e f  com ponent a c i d  i n  Santa!urn 

album ( L in n . )  s e e d  o i l  i s  shown to  be t r a a s - o c t a d e c - I l - e n - 9 -  

y n o ic  a c i d ,  and t h u s  i d e n t i c a l  w i t h  x im en y n ic  a c i d .  Some 

r e a c t i o n s  o f  th e  a c i d  and i t s  d e r i v a t i v e s  a r e  i n v e s t i g a t e d .

A p o r t i o n  o f  t h i s  work h a s  b e en  p u b l i s h e d  i n  t h r e e  p a p e r s  

(B iochem . J . ,  5 7 , 4 5 9 , 462; J .  Cheia. S o c . , i n  t h e  p r e s s )  and 

th e  p u b l i c a t i o n  o f  f u r t h e r  p a p e r s  i s  e n v is a g e d .
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Thanks m u st  a l s o  be e x p r e s s e d  to  th e  f o l l o w i n g  f o r  

s u p p ly in g  sa m p le s  o f  f a t s  and s e e d s  u s e d  i n  t h i s  w ork2-  

Mr* £ ,C .  A ppleby  o f  th e  Z o o lo g ic a l  P a r k ,  E d in b u rg h  ( c r o c o d i l e ,  
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I n t r o d u c t i o n—W»->-ir,nw-."—i-n»iWlT»l>  Mmmii ■«■!»

A n a ly ses  o f  v e g e t a b l e  f a t s  have c o v e re d  a s u f f i c i e n t l y  

w ide range o f  s p e c i e s  to  i n d i c a t e  t h a t  t h e r e  i s  a c o r r e l a t i o n  

betw een  se ed  f a t  c o m p o s i t io n  and b o t a n i c a l  c h a r a c t e r ! o t i c s *  

However, among t h e  f a t s  o f  l a n d  a n im a ls  t h e r e  i s  a  p a u c i t y  

o f  I n f o r m a t io n  and a s  y e t  o n ly  v e ry  t e n t a t i v e  g e n e r a l i s a t i o n s  

have b e en  made. T h is  p o s i t i o n  h a s  b e en  n o te d  by s e v e r a l  

w o rk e r s  (e« g* 0-unstone and P a to n  1953) I For r e f e r e n c e s  i n  

P a r t  I  s e e  page 1 2 5 ]  and th e  n eed  f o r  f u r t h e r  a n a ly  

t h i s  f i e l d  h a s  b een  s t r e s s e d .  T hus, B a rk e r  and H i l d i t c h  

(1950) s t a t e s -  " A t t e n t i o n  i s  draw n to  t h e  i n t e r e s t i n g  

s i m i l a r i t i e s  and d i f f e r e n c e s  i n  an im a l f a t  c o m p o s i t io n  i n  

o rd er  t o  s t r e s s  th e  need  f o r  many more d a t a  on t h i s  s u b j e c t  

from  a wide v a r i e t y  o f  s p e c i e s ,  and i n  t h e  hope t h a t  o t h e r s  

may be' a t t r a c t e d  to  en gage  i n  s i m i l a r  s t u d i e s  w i th  th e  a i d  

o f  th e  e x p e r im e n ta l  m ethods w hich a r e  now a v a i l a b l e  f o r  t h e  

d e t e r m i n a t i o n  o f  t h e  com ponent a c i d s  o f  n a t u r a l  f a t s  w i th  

c o n s i d e r a b l e  p r e c i s i o n . 55 T hese  a u t h o r s  f u r t h e r  l i s t  t h e  

l a n d  a n im a l  f a t s  w hich  th e y  c o n s i d e r  to  h av e  been  s a t i s f a c t o r 

i l y  a n a ly s e d  a t  t h a t  t im e .  These  a r e  l i o n ,  C eylon  b e a r ,  

g i a n t  p a n d a ,  b a b o o n ,  emu, k a n g a r o o ,  t i g e r ,  puma, b l a c k  b e a r ,

some s p e c i e s  o f  d e e r  and a  r e l a t i v e l y  l a r g e  number o f  a n a l y s e s  

o f  t h e  d e p o t  f a t s  o f  o x e n , sh e e p  and p i g s .  A n a ly s e s  have

s i n c e  b e en  r e p o r t e d  f o r  h ip p o p o ta m u s  (B a rk e r  and H i l d i t c h  1 9 5 0 ) ,



b a d g e r  (G u p ta ,  H i l d i t c h  and Meara 1 9 5 0 ) ,  h o r s e  (Brooiker 

and S h o r la n d  1950 ; G upta  and H i l d i t c h  1951; S h o r la n d ,

B ruce  and J e s s o p  1 9 5 2 ) ,  r a b b i t  (C lem ent and M eara 1951? 

S h o r la n d  1953) and t i g e r  (P a th a k  and  Agarwai 1 9 5 2 ) .  I n  t h e  

a m p h ib ian  and r e p t i l e  c l a s s  B a rk e r  and H i l d i t c h  name f r o g ,  

t o r t o i s e ,  l i z a r d  and  t u r t l e ;  r e c e n t  a n a l y s e s  have  added 

to a d  (C a t t a n e o  e t  a l  1 9 5 1 ) ,  m o c c a s in  ( P o l l a r d  and M cL aughlin  

1952)»  p y th o n  and diam ond sn ak e  (K a rk h a n is  and M agar, 1955), 
and  c r o c o d i l e  (P a th a k  and Pande 1955)* T h is  o b v io u s  gap 

i n  o u r  know ledge o f  t h e  c o m p o s i t io n  o f  an im al f a t s  h a s  l e d  

to  t h e  i n i t i a t i o n  i n  t h i s  d e p a r tm e n t  o f  a  s e r i e s  o f  r e s e a r c h e s  

o f  w h ich  t h e  p r e s e n t  work i s  a  c o n t i n u a t i o n  ( s e e  B a ton  1 9 5 3 )•  

A n a ly s e s  o f  th e  f o l l o w i n g  an im a l f a t s  have  b e e n  co m p le ted  i n  

r e s p e c t  o f  t h i s  sch em es-  d e e r  and camel ( Guns to n e  and P a to n  

1 9 5 3 a ) ? p y th o n  (G unstone  and P a to n  1 9 5 3 b ) ; ch im panzee  

(G un s ton e  1 9 5 5 a ) ; t i g e r  and puma (G unstone  1 9 5 5 b ) ; c r o c o d i l e  

(G uns tone  and R u s s e l l  1 9 5 4 a ) ;  o s t r i c h  (G unstone  and R u s s e l l  

1 9 5 4 b ) ; m ouse; r a b b i t ;  p o r c u p in e ;  f la m in g o  and a n t e l o p e .  

The p r e s e n t  work d e s c r i b e s  th e  a n a l y s e s  o f  t h e  l a s t  se v en  

f a t s .  A sam ple o f  s e a l  o i l  was a l s o  i n v e s t i g a t e d  i n  

a n t i c i p a t i o n  o f  f u r t h e r  work on t h e  more u n s a t u r a t e d  f a t t y  

a c i d s  p r e s e n t  i n  m a r in e  o i l s .

The im p o r ta n c e  o f  v e g e t a b l e  o i l s  i n  commerce h a s  

u n d o u b te d ly  s t i m u l a t e d  t h e  r e l a t i v e l y  l a r g e  s e r i e s  o f  

I n v e s t i g a t i o n s  i n t o  t h e  component a c i d s  o f  se e d  o i l s .  The
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f a t s  o f  th e  l e s s  common a n im a l s ,  have  o b v io u s ly  l i t t l e  

com m erc ia l  im p o r ta n c e  and t h i s  f a c t  c o u p le d  w i th  t h e  

d i f f i c u l t y  o f  o b t a i n i n g  sam p le s  from  t h e i r  n a t u r a l  s o u r c e s  i n  

a  c o n d i t i o n  w hich  c o u ld  be u t i l i s e d  c o m m e rc ia l ly  o r  a n a l y t i c 

a l l y  p ro b a b ly  e x p l a i n s  th e  l a c k  o f  d a t a  i n  t h i s  f i e l d *  f h i s  

l a t t e r  d i f f i c u l t y  can  be overcom e to  a  c e r t a i n  e x t e n t  a s  

H i l d i t c h  (1947a) s u g g e s t s ,  by c o - o p e r a t i o n  w i th  th e  z o o l o g i c a l  

a u t h o r i t i e s .  A lth o u g h  th e  d i e t  and e n v iro n m e n t  o f  t h e  an im al 

a r e  a lm o s t  c e r t a i n l y  n o t  t h o s e  o f  i t s  n a t u r a l  h a b i t a t ,  and 

t h e r e  i s  th e  f u r t h e r  c o m p l i c a t i o n  t h a t  th e  a n im a l  h a s  p r o b a b ly  

d i e d  o f  d i s e a s e  a n d /o r  s e n i l i t y ,  r e s u l t s  o f  c o n s i d e r a b le  

c o m p a ra t iv e  v a lu e  can  be o b t a i n e d .  Thus t h e  a n a l y s e s  i n  t h i s  

work w i th  one e x c e p t io n  have b e e n  c a r r ie d  o u t  on a n im a ls  

w hich have been  l i v i n g  i n  z o o s  or  s im i la r  i n s t i t u t i o n s .
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Method o f  A n a ly s i s

The fu n d a m e n ta l  f e a t u r e  o f  f a t  a n a l y s i s  i s  th e  

d e t e r m i n a t i o n  o f  t h e  c o m p o s i t io n  o f  th e  m ixed  f a t t y  a c i d s  

p ro d u c e d  on h y d r o l y s i s  o f  t h e  f a t *  T h is  r e q u i r e m e n t

in v o lv e s  t h e  s e p a r a t i o n  o f  t h e  m ixed a c i d s  i n t o  f r a c t i o n s  

c o n t a i n i n g  n o t  more th a n  two s a t u r a t e d  a c i d s ,  accom panied  

by  t h e  c o r r  e s p o n d in g  u n s a t u r a t e d  a c i d s ,  T h is  may he 

a c c o m p l ish e d  by a  d u a l  p r o c e s s  o f  f r a c t i o n a l  c r y s t a l l i s a t i o n  

o f  t h e  a c i d s  and  f r a c t i o n a l  d i s t i l l a t i o n  o f  t h e i r  m e th y l  

e s t e r s  th ro u g h  a n  e f f i c i e n t  colum n. I n  t h i s  way f r a c t i o n s  

may be  o b t a i n e d  w h ich  s a t i s f y  t h e  above c o n d i t i o n s  and th e  

c o m p o s i t io n  o f  e a c h  may th e n  be d e te rm in e d  from  th e  ap ::-rop ria te  

c h a r a c t e r i s t i c s  v iz *  w e ig h t ,  s a p o n i f i c a t i o n  e q u i v a l e n t  ( g i v i n g  

a  m ea su re  o f  th e  mean m o le c u la r  w e i g h t ) ,  i o d i n e  v a lu e  ( g i v i n g  

a  m ea su re  o f  t h e  mean u n s a t u r a t i o n )  and a b s o r p t i o n  c o e f f i c i e n t  

a f t e r  i s o m e r i s a t i o x u  

H y d r o ly s i s

I f  enough f a t  i s  a v a i l a b l e  a b o u t  20Ggm. sh o u ld  be u s e d ,  

T h is  amount i s  n e c e s s a r y  to  o b t a i n  r e l i a b l e  r e s u l t s  f o r  th e  

m in o r  component a c i d s .  However i t  i s  o b v io u s  t h a t  i t  w i l l  

be  im p o s s ib l e  to  o b t a i n  su c h  a r e l a t i v e l y  l a r g e  q u a n t i t y  o f  

f a t  from  s m a l l e r  a n im a l s ,  and  i n  m o st o f  th e  a n a l y s e s  i n  

t h i s  work th e  amount o f  f a t  u s e d  was much s m a l l e r .  To o b t a i n  

enough  m a t e r i a l  i t  i s  o f t e n  n e c e s s a r y  to  t a k e  sam p les  from  

d i f f e r e n t  p a r t s  o f  t h e  an im al and th e  r e s u l t  o b t a i n e d  i s
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t h u s  an  a v e ra g e  a n a l y s i s ,  s i n c e  c o m p o s i t io n  may v a ry  w i th  

l o c a l i t y  i n  th e  body (c f*  H i l d i t c h  1947b; W in te r  and Hunn 

1950)#  Then a g a i n ,  i n  th e  c a s e  o f  t h e  v e ry  s m a l l  a n im a ls  

enough f a t  c a n  o n ly  be a c q u i r e d  by e x t r a c t i o n  from  a  number 

o f  d i f f e r e n t  a n im a ls  and a c c o r d i n g l y  o n ly  an a v e ra g e  a n a l y s i s  

i s  o b t a i n e d ,  Thus a  sam ple  o f  mouse f a t  w e ig h in g  60gm. was 

o b t a i n e d  from  80 a n im a ls  *

The h y d r o l y s i s  i s  c a r r i e d  o u t  by r e  f l u x i n g  th e  f a t  f o r  

a b o u t  1 h o u r  i n  e t h a n o l i c  p o ta s s iu m  h y d r o x id e  s o l u t i o n  (5 m l• 

o f  e th a n o l  p e r  gm» o f  f a t  c o n t a i n i n g  % o f  w e ig h t  o f  f a t  o f  

p o ta s s iu m  h y d ro x id e  d i s s o l v e d  i n  a  sm a ll  q u a n t i t y  o f  w a t e r ) * 

A bout one t h i r d  o f  th e  a l c o h o l  i s  th e n  d i s t i l l e d  o f f ,  p l e n t y  

o f  w a te r  added  and th e  s o l u t i o n  a c i d i f i e d  w i t h  25$ s u l p h u r i c  

a c i d  to  p r e c i p i t a t e  t h e  m ixed a c i d s .  These a c i d s  on c o o l in g  

a r e  e x t r a c t e d  w i t h  e t h e r  and t h e  e x t r a c t  washed w i th  w a te r  

u n t i l  f r e e  o f  s u l p h u r i c  ac id *  D ry in g  o f  t h e  e t h e r e a l  s o l u t i o n  

and rem o v a l o f  th e  s o l v e n t  g iv e  t h e  m ixed a c id s*

F r a c t i o n a l  C r y s t a l l i s a t i o n  o f  th e  Mixed A c ids

T h is  p ro c e d u r e  i s  an  i m p o r t a n t  s t e p  i n  th e  a n a l y s i s  o f  

f a t s ,  s i n c e  an e f f i c i e n t  s e p a r a t i o n  a t  t h i s  s t a g e  i s  

n e c e s s a r y  f o r  o b t a i n i n g  s im p le r  f r a c t i o n s  i n  th e  l a t e r  s t a g e s  

o f  th e  a n a l y s i s *  T h is  c r y s t a l l i s a t i o n ,  i f  s u c c e s s f u l ,  can 

d i v i d e  t h e  m ixed a c i d s  i n t o  t h r e e  f r a c t i o n s  c o n s i s t i n g  o f  

m a in ly  s a t u r a t e d  (A f r a c t i o n ) , m o n o e th en o id  (B f r a c t i o n )  and 

p o ly e t h e n o i d  a c i d s  (C f r a c t i o n ) .  Where a  w ide r a n g e  o f
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a c i d s  a r e  p r e s e n t  t i l l s  s im p le  d i v i s i o n  i s  n o t  a c h ie v e d  

e»g« t h e  lo w e r  s a t u r a t e d  a c i d s  t e n d  to  c r y s t a l l i s e  w i th  th e  

p o l y e t h e n o i d  (C) f r a c t i o n *  n e v e r t h e l e s s  an  e f f i c i e n t  

s e p a r a t i o n  can o f t e n  be o b t a i n e d  e*g# 55#Ogm» o f  mouse f a t  

m ixed a c i d s  gave  1 5 * lg a*  o f  A f r a c t i o n  ( I .V .  1 . 5 ) ,  21*7gm# 

o f  B f r a c t i o n  ( I .Y .  97*5) and 18 .2gra. o f  0 f r a c t i o n  ( I .V .

1 5 9 * 6 ) .

9!liis i s  a c h ie v e d  by d i s s o l v i n g  th e  a c i d s  i n  m e th a n o l  

( l O c . c .  p e r  gm. o f  a c i d s )  and a l l o w i n g  t h e  s o l u t i o n  to  

c r y s t a l l i s e  a t  a  t e m p e r a tu r e  o f  a b o u t  -5 5  °C o v e r n i g h t  

(G uns tone  and P a to n  1 9 5 5 a ) .  T h is  t e m p e r a tu r e  was v a r i e d  

d e p e n d in g  on th e  u n s a t u r a t i o n  o f  t h e  f a t  -  i n  g e n e r a l ,  th e  

more x m s a tu r a te d  o n e s  a r e  c r y s t a l l i s e d  a t  lo w e r  t e m p e r a t u r e s  

a t  t h i s  s t a g s .  The c r y s t a l l i s a t i o n  was c a r r i e d  o u t  i n  a  

l a r g e  Dewar f l a s k  c o n t a i n i n g  a b o u t  7 l i t r e s  o f  a l c o h o l  

C ooled  a  few d e g re e s  be low  th e  d e s i r e d  t e m p e r a tu r e  w i th  s o l i d  

c a rb o n  d i o x i d e .  Under t h e s e  c o n d i t i o n s  and by c a r e f u l l y  

i n s u l a t i n g  t h e  to p  o f  t h e  f l a s k  t h e  t e m p e r a tu r e  o n ly  r i s e s  a  

few  d e g r e e s  o v e r n i g h t .  The f i l t r a t i o n  o f  t h e  s o l i d s  d e p o s i t e d  

was e x e c u te d  i n  a  s p e c i a l l y  a d a p te d  B uchner f u n n e l  w hich  was 

c o o le d  by a  b a t h  c o n t a i n i n g  a l c o h o l  and s o l i d  c a rb o n  d io x id e  

a  few  d e g r e e s  be low  t h e  t e m p e r a tu r e  o f  c r y s t a l l i s a t i o n  

( s e e  P a to n  1953)*  Eemoval o f  t h e  s o l v e n t  from  t h e  f i l t r a t e  

gave  th e  p o l y e t h e n o i d  C f r a c t i o n  and an  i n t e r m e d i a t e  f r a c t i o n  

can  be  o b t a i n e d  from th e  s o l i d s  by d i s s o l v i n g  i n  m e th a n o l
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and s u b s e q u e n t  rem o v a l  o f  th e  s o l v e n t .  T h i s  l a t t e r  f r a c t i o n  

was r e c r y s t a l l i s e d  by d i s s o l v i n g  i n  m e th a n o l  ( 1 0 c . c .  p e r  gm. 

o f  a c i d s )  and p l a c i n g  i n  a  r e f r i g e r a t o r  a t  - 2 0 ° C. A s i m i l a r  

f i l t r a t i o n  gave two f r a c t i o n s  -  t h e  m o n o e th en o id  (B) f r a c t i o n  

from  th e  f i l t r a t e  and th e  s a t u r a t e d  (A) f r a c t i o n  from  th e  

s o l i d s .  D e te r m in a t io n s  o f  th e  i o d i n e  v a lu e s  W ere made a t  

a l l  s t a g e s  t o  check  th e  p r o g r e s s  o f  th e  s e p a r a t i o n .  

B s t e r i f i c a t i o n

The more u n s a t u r a t e d  f r a c t i o n s  ( i . e .  B and C) were 

e s t e r i f i e d  by d i s s o l v i n g  i n  m e th a n o l  ( 5 c . c ,  p e r  gm. o f  a c i d s ) , 

p a s s i n g  i n  d ry  h y d ro g e n  c h l o r i d e  (1 gm. p e r  1 0 0 c . c .  m e th a n o l)  

and l e a v i n g  th e  r e s u l t a n t  s o l u t i o n  o v e r n i g h t .  About one 

t h i r d  o f  t h e  a l c o h o l  ‘.a s  th e n  rem oved u n d e r  r e d u c e d  p r e s s u r e  

a t  a b o u t  40°C and t h e  e s t e r s  w ere  e x t r a c t e d  w i th  e t h e r ,  

w ashed w i th  p o ta s s iu m  h y d ro x id e  s o l u t i o n  to  rem ove any 

u n e s t e r i f i e d  a c i d  and t h e  e t h e r  s o l u t i o n ,  a f t e r  w ash in g  f r e e  

o f  a l k a l i  w i th  w a t e r ,  d r i e d  w i t h  a n h y d ro u s  m agnesium s u l p h a t e .  

Removal o f  th e  s o l v e n t  gave t h e  m e th y l  e s t e r s  i n  good y i e l d .

I n  t h e  c a s e  o f  t h e  m oat s a t u r a t e d  A f r a c t i o n  t r e a t m e n t  a t  

a  h i g h e r  t e m p e r a tu r e  was r e q u i r e d  s i n c e  b o th  t h e  a c i d s  and 

t h e i r  e s t e r s  a r e  l a r g e l y  i n s o l u b l e  i n  m e th a n o l  a t  room 

t e m p e r a t u r e .  The a c i d s  w ere  t h u s  d i s s o l v e d  i n  m e th a n o l  a s  

u s u a l ,  c o n c e n t r a t e d  s u l p h u r i c  a c i d  added  (1 cfo o f  w e ig h t)  and 

th e  s o l u t i o n  r e f l u x e d  f o r  a b o u t  1 h o u r .  A f t e r  rem o va l o f  

some o f  th e  a l c o h o l  t h e  e s t e r s  w ere  e x t r a c t e d  a s  u s u a l .
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F r a c t i o n a l  D i s t i l l a t i o n  o f  th e  M ethyl E s t e r s

The e s t i m a t i o n  and  i d e n t i f i c a t i o n  o f  m in o r  component 

a c i d s  r e q u i r e  an e f f i c i e n t  f r a c t i o n a t i o n  o f  th e  m e th y l  e s t e r s ,

A number o f  colum ns h av e  been  u s e d  i n  t h i s  ty p e  o f  work e . g .  

t h e  s p i n n i n g  band column (W in te r  and Hunn 1953) w hich  i s  

r e p u t e d  to  be v e ry  e f f i c i e n t .  I n  t h i s  d e p a r tm e n t  t h e  column 

a v a i l a b l e  was a..Towers (1# 117) e l e c t r i c a l l y  h e a t e d  colum n, 

packed  w i t h  g l a s s  h e l i c e s ,  . D i s t i l l a t i o n  o f  t h e  m e th y l  e s t e r s  

u n d e r  r e d u c e d  p r e s s u r e  on t h i s  column gave s a t i s f a c t o r y  r e s u l t s .  

F r a c t i o n s  o f  a b o u t  3gaw were c o l l e c t e d , a s  t h i s  q u a n t i t y  gave 

th e  m ost s a t i s f a c t o r y  d e t e r m i n a t i o n s  o f  s a p o n i f i c a t i o n  

e q u i v a l e n t s ,  The f r a c t i o n s  were c o l l e c t e d  i n  a  s p e c i a l  

m u l t i p l e  r e c e i v e r  ( s e e  P a to n  1953)* However i n  some o f  th e  

a n a l y s e s  i t  was fo u n d  n e c e s s a z y  to  c o l l e c t  s m a l l e r  f r a c t i o n s  

i n  w hich  c a se  a  few m in o r  m o d i f i c a t i o n s  had  to  be made ( e . g .  

f lam in g o  f a t ,  f r a c t i o n  C ) • The s a p o n i f i c a t i o n  e q u i v a l e n t  

and i o d i n e  v a lu e  o f  each  o f  th e  f r a c t i o n s  o b t a i n e d  by 

d i s t i l l a t i o n  w ere  d e te rm in e d .

H n s a p o n i f i a b l e  M a t te r

When th e  u n s a p o n i f i a b l e  m a t t e r  e x c e e d s  1 o r  2$ o f  t h e  

whole f a t ,  i t  i s  b e s t  rem oved by c o n t in u o u s  e t h e r  e x t r a c t i o n  

o f  t h e  aq u eo u s  a l c o h o l i c  soap  s o l u t i o n  o b t a i n e d  a f t e r  

s a p o n i f i c a t i o n  o f  t h e  f a t  and b e f o r e  th e  p r e c i p i t a t i o n  o f  th e  

a c i d s  ( H i l d i t c h  1 9 4 7 c * ) .  In  t h e  p r e s e n t  sam p le s  how ever 

t h i s  was n o t  the  c a se  and th e  u n s a p o n i f i a b l e  m a t t e r  g e n e r a l l y



c o n c e n t r a t e d  i n  th e  r e s i d u e s  from th e  f r a c t i o n a l  d i s t i l l a t i o n .  

T h is  was d e te r m in e d  q u a n t i t a t i v e l y  on th e  a c i d s  r e m a in in g  

a f t e r  d e t e r m i n a t i o n  o f  th e  s a p o n i f i c a t i o n  e q u i v a l e n t .  The 

a c i d s  w ere c o n v e r t e d  to  t h e i r  p o ta s s iu m  s a l t s  and t h e  

u n s a p o n i f i a b l e  m a t t e r  e x t r a c t e d  w i th  e t h e r  u n d e r  s t a n d a r d  

c o n d i t i o n s  (Sub-Corn, on D etn * o f  Unsap, M a t te r  i n  O i l s  end 

F a t s  1933) and w eighed  d i r e c t l y .  The n e c e s s a r y  c o r r e c t i o n s  

w ere  th e n  made to  th e  c o n s t a n t s  o f  t h e  r e s i d u a l  f r a c t i o n s  

and th e  c o m p o s i t io n  computed a s  u s u a l ,

D e te r m in a t io n  o f  th e  P o ly e th e n o id  A c id s

In  th e  c a s e  o f  t h e s e  f r a c t i o n s  w hich  e v i d e n t l y  c o n t a i n  

s a t u r a t e d ,  mono and p o ly e th e n o id  a c i d s ,  t h e  c o m p o s i t io n  c a n n o t  

be a s c e r t a i n e d  from  th e  w e i g h t ,  s a p o n i f i c a t i o n  e q u i v a l e n t  and 

i o d i n e  v a lu e  o n ly  -  some o t h e r  c h a r a c t e r i s t i c  i s  r e q u i r e d .

O ld e r  m ethods make u se  o f  th e  th io c y a n o g e n  v a l u e ,  e l a i d i n i s a t i o n  

and bromo a d d i t i o n  compounds, b u t  t h e s e  a r e  n o t  v e ry  a c c u r a t e .  

The b e s t  m e th o d , now w id e ly  u s e d  i s  t h a t  b a s e d  on t h e  

m easu rem en t o f  th e  u l t r a v i o l e t  a b s o r p t i o n  o f  t h e  p o l y e t h e n o i d  

a c i d s  a f t e r  i s o m e r i s a t i o n  i n  a l k a l i .  The f i r s t  q u a n t i t a t i v e  

m ethod  u s i n g  t h i s  p ro c e d u re  was p ro p o se d  by M i t c h e l l ,  K r a y b i l l  

and Z s c h e i l e  (1943) and l a t e r  m o d i f ie d  by  o t h e r  w o rk e rs  

( e .g *  h i l d i t c h ,  M orton  and R i l e y  1945; H i l d i t c h ,  P a t e l  and 

R i l e y  1 9 5 1 ) .  The method a s  a d a p te d  by t h e s e  w o rk e rs  i s  

m a in ly  u se d  f o r  d e te r m in in g  l i n a l e i c  and l i n a l e n i c  a c i d s  

s e p a r a t e l y  o r  t o g e t h e r  and d e p en d s  or., t h e  f a c t  t h a t  a  s o l u t i o n  

o f  p o ta s s iu m  h y d r o x id e  i n  e th y le n e  g l y c o l  a t  h ig h  t e m p e r a tu r e s
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i s  c a p a b le  o f  i s o m e r i s i n g  l i n o l e i c  a c i d ,  w h ich  c o n t a i n s  

two d o u b le  b o n d s  s e p a r a t e d  by a  m e th y le n e  g ro u p ,  i n t o  t h e  

c o n ju g a te d  form* T h is  i s  t r u e  o f  l i n d L e n i e  and o t h e r  

s i m i l a r  p o l y e t h e n o i d  a c i d s .  The i s o m e r i s a t i o n  a lw ay s  t a k e s  

p l a c e  to  th e  same e x t e n t  when c a r r i e d  o u t  u n d e r  s t a n d a r d  

c o n d i t i o n s ,  and th e  m o u n t s  o f  c o n ju g a te d  a c i d s  can  be 

d e te rm in e d  by s p e c t r o s c o p i c  means i . e .  t h e  s t a n d a r d  

c o n d i t i o n s  f o r  t h e  d e t e r m i n a t i o n  o f  l i n o l e i c  a c i d  a r e  to  

i s o m e r i s e  w i th  7 | $  s o l u t i o n  o f  p o ta s s iu m  h y d ro x id e  i n  

e t h y l e n e  g l y c o l  a t  180°C f o r  60 m in u te s ,  w h e re a s  l i n o l e n i c  

a c i d  i s  i s o m e r i s e d  a t  1 7 0 °C f o r  15 m in u te s  w i t h  th e  same 

r e a g e n t .  O th e r  c o n d i t i o n s  a r e  u se d  f o r  th e  d e t e r m i n a t i o n  

o f  t e t r a - ,  p e n t a -  and h e x a e n o ic  a c i d s  ( s e e  Herb 1 9 5 5 ) .  The 

c o n s t a n t s  u s e d  i n  t h e  above p r o c e d u r e s  w ere  d e te rm in e d  on 

a c i d s  d e r i v e d  from  v e g e t a b l e  s o u r c e s ,  and w h i le  t h e r e  i s  no 

c o n c l u s i v e  e v id e n c e  to  s u g g e s t  t h a t  t h e  a c i d s  from a n im a l  

f a t s  a r e  e s s e n t i a l l y  o f  th e  same n a t u r e ,  t h e  method g i v e s

r e s u l t s  w hich  a r e  c o n s i s t e n t  w i th  o t h e r  a b s e r v e d  v a l u e s  su ch  

a s  i o d i n e  v a l u e s .  S e v e r a l  a t t e m p t s  were made to  e l u c i d a t e  

t h e  s t r u c t u r e  o f  t h e s e  p o l y e t h e n o i d  a c i d s  ( e . g .  see  a n a l y s i s  

o f  c r o c o d i l e  f a t  page  24 , a n a l y s i s  o f  o s t r i c h  f a t  page  34 

and p a r t  I X) .

Method o f  C a l c u l a t i o n  

I t  i s  d i f f i c u l t  to  make any g e n e r a l i s a t i o n s  r e g a r d i n g  

t h e  m ethod o f  c a l c u l a t i o n  a s  eac h  f r a c t i o n  h a s  to  be  c o n s id e r e d
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i n  r e l a t i o n  to  i t s  s a p o n i f i c a t i o n  e q u i v a l e n t  (S*E*) ,  i o d in e  

v a lu e  ( I * ? * )  and a b s o r p t i o n  c o e f f i c i e n t  a f t e r  a l k a l i

i s o m e r i s a t i o n *  A c c o r d in g ly  th e  scheme o f  c a l c u l a t i o n  can  

b e s t  be  I l l u s t r a t e d  by c o n s i d e r i n g  one f a t  i n  d e t a i l ,  and 

t h i s  i s  done by e x a m in in g  th e  r e s u l t s  o f  t h e  c r o c o d i l e  

a n a l y s i s #

She m ethod o f  c a l c u l a t i o n  i s  e s s e n t i a l l y  t h a t  d e s c r i b e d  

by  H i l d i t c h  (1 9 4 7 d ) .  I t  i s  c o n v e n ie n t  a t  t h i s  s t a g e  to  

i n d i c a t e  t h e  c o n v e n t io n  r e g a r d i n g  t h e  n o m e n c la tu re  o f  th e  

f a t t y  a c i d s  and e s t e r s *  Thus e s t e r s  o f  a c i d s  c o n t a i n i n g  

18 c a rb o n  a tom s a r e  r e f e r r e d  t o  a s  C^g e s t e r s  and e s t e r s
1

o f  mono, d i  and t r i e n o i c  C-^g a c i d s  a r e  r e f e r r e d  to  a s  C^g ,

and C i g l U  e s t e r s  r e s p e c t i v e l y *  F u r t h e r ,  s a t u r a t e d  

a c i d s  a r e  g iv e n  th e  s u p e r s c r i p t  0 -  i n  t h i s  way p a l m i t i c  a c i d  

would b e  &y5° .

tfse i s  a l s o  made o f  th e  e x p r e s s i o n s  *0^6* o r  •C ^g* , 

t h e s e  im p ly in g  a  m ix tu r e  o f  o r  C-^g a c i d s  o r  e s t e r s *  

F r a c t i o n  A (See T ab le  1)

On e x a m in a t io n  o f  th e  I*?*  and S.E* o f  t h e  f i r s t  tw e lv e  

f r a c t i o n s  i t  i s  o b v io u s  t h a t  t h i s  f r a c t i o n  c o n s i s t s  m a in ly  o f  

e s t e r s  (e*g* S*E. o f  0^6° e s t e r  i s  270*4)* I t  i s  

assum ed t h a t  t h e  s m a l l  i o d in e  v a l u e s  o b t a i n e d  i n  th e  f r a c t i o n s  

A1-A10 a r e  due t o  C ^gl e s t e r s  and  t h a t  t h e  I*?*  i n  t h e  c a s e  

o f  A11-A16 i s  due to  u n s a t u r a t e d  C^g e s t e r s *  Thus i n  t h e  

e a s e  o f  A6 th e  wifeht o f  u n s a t u r a t e d  e s t e r  (C^g ) i s  g iv e n  by
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I .V .  o f  f r a c t i o n
w t. o f  fr a c t io n , x  — — —— ~— —----   —------

I . V .  o f  pur© u n s a t u r a t e d  e s t e r  (C^g )

i . e .  «  3 .5 3  x  *  0*03* The r e m a in d e r  o f  A6 w i l l
9 4 .6

c o n s i s t  o f  • f r a c t io n s  A3-A10 can be c a l c u l a t e d  i n  a  

s im i la r  way. I n  f r a c t i o n s  A1 and  A2 i t  i s  e v i d e n t  from  th e  

lo w er  S . E . ' s  t h a t  a c i d s  o f  s h o r t e r  c h a in  l e n g t h  a r e  p r e s e n t .

I t  i s  assum ed t h a t  t h e s e  f r a c t i o n s  c o n t a i n  e s t e r s  o f
T 1

C1 6 * and C^g . The w e ig h t  o f  C^g i s  c a l c u l a t e d  a s  above j 

t h e  S .E .  o f  th e  r e m a in in g  s a t u r a t e d  e s t e r s  i s  c o r r e c t e d  to  

a l lo w  f o r  t h e  rem ova l o f  t h e  C^g and th e  s a t u r a t e d  p a r t  i s  

p a r t i t i o n e d  be tw een  m y r i s t i c  and p a l m i t i c  e s t e r s  a c c o r d in g  

to  t h e  c o r r e c t e d  S . B . 9s .  fh e  s t a g e s  a r e  t h e r e f o r e  f o r  A i , 

w t. o f  u n s a t u r a t e d  e s t e r  (C^g1 ) « 1 . 1  x  -  0 .0 3  g i v in g

the w e ig h t  o f  s a t u r a t e d  e s t e r s  a s  2 .6 1 .  I t  t h e n  f o l l o w s ,  

from th e  d e f i n i t i o n  o f  S .E .  th a t  f g g y  = M K f  aatB . e a t e r o

♦ ? §§^T4 i . e .  S .B .  o f  s a t ’ d ,  e s t e r s  = 2 5 8 .3 ,  and i f  x  i s  $ 

o f  G^g e s t e r s  p r e s e n t  i n  th e  s a t u r a t e d  p a r t  th en

T f f c t  + H o  “ l § § 3  * • • • « "  5 9 .5 5 * .

T h is  g iv e s  th e  co m p o sitio n  o f  th e  f r a c t io n  a s  C-̂ g1 0 .0 3 s  

Cl 6 ° t .5 5 *  01 4 o1 . 0 6 .
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T a b le  1 -  D i s t i l l a t i o n  o f  A e s t e r s  o f  0. p o r o s u s

wt*
F r a c t i o n  gm. I .V . S .E . o 0 14 °1 6 ° G ° 18 C20° C1 6 '

t £3 »
°18 a . s . +

1 2*64 1 .1 2 5 8 .4 1 .0 6 1.55 — 0 .0 5 — -

2 2*71 1 .2 2 6 8 .8 0 .1 4 2 .5 4 - - 0 .0 3 - -

3 2*80 1 .0 2 7 0 .1 - 2 .7 7 - - 0 .0 3 - -
4 3 .2 2 0 .8 2 7 0 .6 - 3 .1 9 - - 0 .0 3 - -

5 3 .3 2 0 .6 2 7 0 .6 - 3 .3 0 • - 0 .0 2 -

6 3 .5 3 0 .8 2 7 0 .0 - 3 .5 0 - 0 .0 3
7 3 .0 8 0.5 2 7 0 .2 - 3 .0 6 - - 0 .0 2 mm

8 3 .4 1 0 .7 2 7 0 .1 - 3 .3 8 - - 0 .0 3 •

9 3 .4 0 0 .3 2 7 0 .0 - 3 .3 9 mm - 0 .0 1
10 3 .0 6 0 .6 2 7 0 .3 - 3*04 - - 0 .0 2 - -

11 3 .3 4 1 .8 2 7 0 .5 - 3 .2 7 - - 0 .0 7 -
12 2 .9 2 2 4 .7 2 3 2 .7 - 1 .5 2 0 .6 2 - - 0 .7 8 -

13 3 .2 3 4 1 .0 2 9 5 .9 - 0 .1 7 1 .6 3 - - 1 .4 3 —

14 3 .1 2 3 4 .9 2 9 6 .3 • 0 .1 4 1 .8 0 - - 1 .1 8 -
15 2 .4 2 2 7 .2 2 9 5 .7 - 0 .1 7 1 .5 4 - - 0 .7 1 -

16 3 .0 0 2 2 .3 3 0 9 .3 - - 1 .4 2 0 .8 2 - 0 .7 2 0 .0 4

T o ta l 4 9 .2 0 1 .2 0  3489 7 .0 1 0 .8 2 0 .2 5 4 .8 9 0 .0 4
i> E s t e r s 2 .4 4  T i l l  1 42 5 1 .6 ? 0 .5 1 9*94 0 .0 8
f» A c id s 2 .4 2  73.02 1 4 3 0 1 .6 9 0 .5 1 9 .9 8 0 .0 8

i  F r a c t i o n (3 3 .2 ) 0 .8 0  2 3 8 8 4 7 5 0 .5 6 0 .1 7 3 • 3 1 :*Q.0 3

«  U sin g  is o m e r is a t io n  d a ta  t h i s  g iv e s  3*06 0*23 •

+ U n sa p o n if ia b le  m atter#

X so m er isa tio n  D ata  

A13 a f t e r  i s o m e r is a t io n  a t  180°C /60m ln . had E ^ n  o f  5 1 ,1  a t
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The c o m p o s i t io n  o f  A2 c a n  be  computed i n  a  s i m i l a r  m anner, 

from  th e  S .E .* s  and I .V * * s  o f  A12-A15 i t  i s  assum ed t h a t  th e y  

c o n t a i n  ^18° u n s a t u r a t e d  C-^g e s t e r s .  i . e .  two

s a t u r a t e d  and one u n s a t u r a t e d  e s t e r  a s  above and h e n c e  th e  

r e s u l t s  c a n  be  c a l c u l a t e d  s i m i l a r l y .  T h is  A f r a c t i o n  i s  

n o t  v e ry  t y p i c a l  b e c a u se  a c c o r d in g  to  s p e c t r o s c o p i c  d a t a  

t h e s e  l a t e r  f r a c t i o n s  do c o n ta in  a  l i t t l e  o e t a d e c a d i e n o ic  

a c i d  w hich  c a n  be  c a l c u l a t e d  a s  shown below  f o r  th e  B f r a c t i o n .  

The r e s i d u e  (A16) c o n t a i n s  a  l i t t l e  u n s a p o n i f i a b l e  m a t e r i a l  

and t a k i n g  a c c o u n t  o f  t h i s  th e  S .E .  becom es 305*2 and th e  

I .V .  2 2 .6 ,  Once more th e  I .V .  i s  assum ed to  be due to  

•01 8 ' e s t e r s  ahd th e  r e m a in in g  s a t u r a t e d  e s t e r s  a r e  

p a r t i t i o n e d  b e tw een  0^^°  and C^g° a s  i n  A l.  

f r a c t i o n  B * (See  f a b l e  2)

T h is  f r a c t i o n  i s  t h e  i n t e r m e d i a t e  one and i t  i s  c l e a r  

t h a t  i t  w i l l  c o n t a i n  a  f a i r  p r o p o r t i o n  o f  u n e a t u r a t e d  e s t e r s ,  

and a s  th e  i s o m e r i s a t i o n  d a t a  i n  T a b le  2 show t h e s e  e s t e r s  

a r e  m a in ly  m o n o u n s a tu ra te d .  T h is  l a s t  s t a t e m e n t  i s  j u s t i f i e d  

by  t h e  o b s e r v a t i o n  ( H i l d i t c h ,  P a t e l  and R i le y  1951) t h a t  

u n d e r  t h e  s t a n d a r d  c o n d i t i o n s  o f  i s o m e r i s a t i o n  p u r e  l i n o l e i c  

a c i d  g i v e s  a  maximum a b s o r p t i o n  a t  254mju w i th  o f  906

and p u re  l i a e l e n i c  a c i d  shows maximum a b s o r p t i o n  a t  268mju 

with o f  555.

C o n s id e r in g  B9 a s  c o n t a i n i n g  o n ly  Cl g  e s t e r s  (f rom  S . E . ) ,
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from  t h e  s p e c t r a l  v a l u e s ,  i° Cj.g11 = = 7 .1  and

11s i n e #  t h e  I . ? *  o f  p u re  C^g e s t e r  i s  1 73* 2 , t h e  c o n t r i b u t i o n  
11o f  t h i s  O^g to  t h e  I .V .  o f  t h e  w hole  f r a c t i o n  i s

» 12.2 1.®* $> C18* « ■(££?.£..g ^ | !»?.) J L A 22 s- 93. 8̂

( s i n c e  I . V .  o f  p u re  i s  8 5 * 6 ) .  I t  w i l l  t h u s  be  se en

t h a t  C181 + *  100*9$ and i t  i s  assum ed t h a t  t h i s

f r a c t i o n  and s i m i l a r  o n e s  ( i . e .  B5 -  B14) c o n t a i n  and
11^18 o n ly  ^ • e * two u n s a t u r a t e d  e s t e r s  and h e n ce  th e  

c o m p o s i t io n  o f  t h e s e  f r a c t i o n s  c a n  be computed u s i n g  th e  

I .V .  o n l y .

i . e .  w t. o f  C18l:l = (''*'Y* l7 3 . r- ) x  w t. o f  f r a c t io n

f h e  c o n s t a n t s  f o r  B3 i n d i c a t e  t h a t  t h i s  f r a c t i o n  c o n t a i n s  

some e s t e r s  lo w e r  t h a n  t h e  s e r i e s .  I t  i s  assum ed t h a t

t h i s  c o n t a i n s  a  m ix tu r e  o f  and C^g e s t e r s  and t h e  l a t t e r

a r e  t a k e n  to  have  t h e  same c o m p o s i t io n  a s  i n  B5 ( t h e  e a r l i e s t

f r a c t i o n  c o n ta in i n g  o n ly )  i . e .  e s t e r s  h av e  I .V .  o f

92*2 and S .E .  ( c a l c i l i a t e d )  o f  296 .3*  By a n  a p p ro x im a te

c a l c u l a t i o n  i g n o r i n g  t h e  c o r r e c t  u n s a t u r a t i o n s  o f  t h e  f r a c t i o n s  

i t  can  be  shown t h a t  t h e  S .E . o f  t h e  e s t e r s  sh o u ld  be 

a p p ro x im a te ly  269*6* Thus assum ing  t h a t  th e  S .E .  o f  t h e  C-^g 
e s t e r  i s  269*6«

io o  -  c18  c18  100
~2W T 5“  + 19Z75 = m r e  (A) i . e .  o18 = xe.vfo

**. I.V * due to  *0̂ 3* s  1 4 .8  and I .V .  due t o  ~ 4 6 .1 - 1 4 .8
«  3 1 .3

i . e .  I . v .  o f  CUg e s t e r s  i s  37*3 whence S .E . i s  269*6.



T h is  i m p l i e s  t h a t  th e  e s t i m a t e d  e q u i v a l e n t  (269*6) i s  i n  

f a c t  c o r r e c t  and t h a t  th e  a c i d s  m ust in d e e d  be p r e s e n t  i n  th e  

above p r o p o r t i o n s  i . e .  °1 8  * 1 6 .1 ^ .  ( I f  h o w ev er ,  th e  v a lu e  

f o r  th e  S.E* i s  n o t  th e  same a s  o r i g i n a l l y  assum ed th e n  th e  

l a t t e r  v a lu e  i s  s u b s t i t u t e d  i n  (A) and th e  p r o c e s s  r e p e a t e d  

u n t i l  s i m i l a r  v a l u e s  a r e  o b t a i n e d ) .  I t  f o l lo w s  t h a t  th e
11 11?c o n t r i b u t i o n  o f  t o  t h e  o b s e rv e d  f o r  t h i s  f r a c t i o n  i s

10*8. S in c e  th e  o b se rv e d  v a lu e  was

16*4 and i n  v iew  o f  th e  u n c e r t a i n t y  o f  t h e  n a t u r e  o f  t h e

o c t a d e e a d i e n o io  a c i d s  and th e  u n s a t u r a t e d  a c i d s  th e

d i f f e r e n c e  b e tw ee n  th e  o b s e rv e d  r e a d i n g  and t h e  v a lu e
11c a l c u l a t e d  f o r  O^q can  be n e g l e c t e d  i . e .  t h e r e  i s  no

1 1
e v id e n c e  o f  t h e  p r e s e n c e  o f  e s t e r s  and i t  i s  assum ed

t h a t  th e  I .V .  o f  th e  C-^g e s t e r s  i s  due e n t i r e l y  to  th e  p r e s e n c e  

o f  e s t e r s  i . e .  % «« 39*4* T h u s ,  th e

c o m p o s i t io n  o f  B3 i s  -  0 . 4 9 i O^g11 -  0 .0 4 ;  01 6 ° -  1 .6 8 ;

♦  1 .0 9 .  f r a c t i o n  B4 i s  p a r t i t i o n e d  be tw een  h a v in g  

th e  c o m p o s i t io n  a s  found  i n  B3 and C^g a© i n  B5 on th e  b a s i s  

o f  I .V .  i . e .  «01 6 f * f f  ; f " i x  3 .1 8  « 0 .4 5 .  I n  B2,

i t  i s  o b v io u s  from  t h e  S .E .  t h a t  some e s t e r s  a r e  p r e s e n t .  

The s u p p o s i t i o n  i s  t h e r e f o r e  made t h a t  t h i s  f r a c t i o n  c o n t a i n s  

0̂ 4° ,  0̂ 4 and O^g e s t e r ©  a© i n  B3.
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T a b le  2 -  D i s t i l l a t i o n  o f  B e s t e r s  o f  C. p o ro s u s

Frac
t i o n

wt* IoV . S .E . °1 4 °
n ° 

16
0 1 

14 016X f 18 ^ a 11 A* . O .

1 2 .4 1 7 .8 2 5 5 .9 0 .9 9 1 .2 4 0 .1 8 — —

2 2 .5 6 3 4 .5 2 6 2 .6 0 .4 6 1 .1 9 0 .1 4 0 .7 7 - -

3 • 3 .3 0 4 6 .1 2 7 3 .6 - 1 .6 8 - 1 .0 9 0 .4 9 0 .0 4
4 3 .1 8 8 4 .4 2 9 3 .4 - 0 .2 7 - 0 .1 8 2 .5 3 0 .2 0 -

5 3 .3 7 9 2 .2 29 6 .5 mrn - mm 3 .1 2 0 .2 5
6 3 .2 0 9 2 .4 2 9 7 .3 - - - 2 .9 5 0 .2 5 ~
7 3 .2 4 9 2 .8 2 9 6 .2 • - - 2 .9 7 0 .2 7
8 3 .4 4 9 2 .4 2 9 5 .4 - - • - 3 .1 7 0 .2 7 -

9 3 .3 9 9 2 .5 2 9 6 .4 mm * * 3 .1 2 0 .2 7 -

10 3 .0 4 9 1 .8 2 9 6 .2 mm - - mm 2 .8 2 0 .2 2 *■*
11 3 .2 9 9 1 .1 2 9 5 .2 - mm - 3 .0 8 0 .2 1 -
12 3 .2 8 9 0 .7 2 9 5 .5 mm mm - - 3 .0 9 0 .1 9 -

13 3 .4 6 9 0 .0 29 6 .3 - - 3 .2 9 0 .1 7 -

14 2 .8 3 8 9 .9 2 9 5 .8 - - mrn 2 .6 9 0 .1 4 -

15 2 .0 2 8 9 .3 3 2 9 .3 - - - - mm • 2 .0 2
16 2 .7 0 1 0 9 .6 3 1 6 .5 - - - - - - 2 .5 8 0 .1 2

T o ta l 4 8 .7 1 1 .4 5 4 .3 8 0 .3 2 2 .0 4 3 3 .3 2 2 .4 8 4 .6 0 0 .1 2
fa  E s t e r s 2 .9 8 8 .9 9 0 .6 6 4 .1 9 6 8 .4 0 5 .0 9 9 .4 4 0 .2 5

A cid s 2 .9 5 8 .9 5 0 .6 5 4 .1 7 6 8 .4 4 5 .0 9 9 .4 9 0 .2 6
$  F r a c tio n  (2 8 .1 ) 0 .8 3 2 .5 1 0 .1 8 1 .1 7 1 9 .2 4 1 .4 3 2 .6 ? 0 .0 7

I s o m e r i s a t i o n  D a ta
F r a c t i o n  I .V *  o f  a i d s  a t  234rau ( a f t e r  i s o m e r i s a t i o n-------------   _ ------  ncm ------ — _r a t 180oc /6 c  min#)

B9
B3

92*6
9 6 .5
44*9

4 2 .6
6 4 .0
1 6 .4

U.Y . a b s o r p t i o n  a t  268mj& and o f  u n i s o m e r i s e d  f r a c t i o n s  was 
n e g l i g i b l e .
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I t  can  be  shown t h a t  f o r  a  t e r t i a r y  m ix tu r e  o f  two 
u n s a t u r a t e d  e s t e r ©  [H ig h e r  (H) and Lower ( L ) l  and  a

sa tu r a te d  e s t e r  (S ) th a t

W[X*V#WX + I*Y*L (-Z )  ] w here  X = %  -  Rg

l u i ~ T T i,v.l (-y) ] I « %  - Hs
2 S H |  »  Rg

W r e f e r s  to  t h e  w hole  f r a c t i o n  and i n  p a r t i c u l a r  to  i t s  w e ig h t ;

1  i s  t h e  r e c i p r o c a l  S#E* I n  t h i s  c a se  #C^^* = H, «  h

and C ^ c *  S and t h e  c o m p o s i t io n  o f  B2 can  be r e a d i l y  com puted .

F r a c t i o n  B1 by t h e  above m ethod g iv e s  a  n e g a t i v e  v a lu e  f o r  H
1 «*-  t h e  f r a c t i o n  i s  t h e r e f o r e  assum ed to  c o n s i s t  o f  , 0 ^  

and and th e  r e s u l t s  c a l c u l a t e d  a s  i n  A l.  F r a c t i o n

315 i s  assumed to  c o n s i s t  o f  'C ^ q ' o n ly  and th e  a v e ra g e  

u n s a tu r & t io n  o f  t h e  e s t e r s  can be a s c e r t a i n e d  from  th e  1*1 •

f h e  a s s u m p t io n  i s  a l s o  made t h a t  t h e  r e s i d u a l  f r a c t i o n  B16

c o n s i s t s  o n ly  o f  1C^q * and t h e  u n s a p o n i f i a b l e  m a t te r#

F r a c t i o n  £  (See  f a b l e  3)

f h e  same k in d  o f  p ro c e d u re  was a p p l i e d  to  t h i s  f r a c t i o n  

a l t h o u g h  i t  i s  e v i d e n t  t h a t  i t  c o n t a i n s  m ore u n s a t u r a t e d  a c i d s  

t h a n  t h e  B f r a c t i o n ,  and f u r t h e r  t h a t  t h e  a c i d s  c o v e r  a  

w id e r  r a n g e  ( i # e #  C^2 «* C2q )# C o n s id e r in g  f r a c t i o n  £9  

from  S#l# i t  i s  l i k e l y  t o  c o n s i s t  o f  C^g on ly*
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U sin g  s p e c tr a l  v a lu e s  s  9 *

OjJ11 m  Z,.5L tl x 100  s  5 2 .6 ^
15 906

These a c id s  c o n tr ib u te  119*8 (2 4 .6  + 95*2) to  th e  I .V . o f  th e  

a c id s  i . e .  th e  X .? . due to  * 3 3 * 2  whence « 3 7 *0$,

I t  w i l l  be se en  th a t  t h i s  g iv e s  a  t o t a l  o f  98. 67* f o r  t h e s e  

acid© ( i . e .  0 ^3 ^ + + ® 1 8 ^ ^  i t  seem s r e a s o n a b l e

to  assume t h a t  t h e s e  a r e  t h e  o n ly  on es p r e s e n t  i n  t h e  

f r a c t io n  i . e .  0 , s m  9.0%; C181:I 5 2 .6 # j C18X 38.45?- 1'his

co m p o sitio n  i s  u sed  f o r  f r a c t i o n s  £6 -  £14 w hich  have  s i m i l a r  

S .B . ’ s  and I . V . 1 s .  04 i s  c o n s id e r e d  to  be a  m ix tu r e  o f  

O^g and O^q ( a s  in  06) and th e  r e s u l t s  are  computed i n  

a s im i la r  manner to  th o se  o f  B3. F r a c tio n  05 i s  

p a r t i t io n e d  betw een  C^g (a s  in  04) and C-̂ g (a s  in  06) and 

th e  r e s u l t s  c a lc u la t e d  a s  i n  B4*
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Table 3 - Distillation of C Esters of 0. porobus
ŵr iifT» in i n.iimiin mu... wmwinr'..—trr~ni--r ~i mil' r --f*~ ir

F r a c t i o n  1 . 7 .m - S .E . o ° 12 °14
(t 9 

16 0 ^  
12

l 2*64 3 7 .2 2 3 2 .4 0 .5 7 1 .1 7 - 0 .2 3
2 2 .9 5  8 4 .0 2 6 1 .8 - 0 .3 3 0*17 •

3 2*53 9 1 .1 2 6 5 .6 0 .0 7 0*18 mm

4 2*54 100*6 2 7 2 .0 • - 0 .1 7 "m-

5 2*86 138*6 2 8 7 .9 - - 0 .0 3
6 2*87 1 4 7 .5 292*4 ~ - mm mm

7 2*93 148*8 29 2 .4 - mm mm mm

8 3 .1 6  148*8 2 9 2 .2 mm - - mm

9 2 .9 8  148*6 291*6 mm mm ' -mm
10 2 .7 7  1 4 9 .3 2 9 1 .8 mm mm

11 3*01 1 4 7 .5 2 9 1 .8 - mm *+

12 3*52 1 4 8 .1 2 9 1 .9 - mm -

13 3 .6 9  145*8 2 9 1 .7 mm ~ ; W

14 3 .1 1  1 4 6 .9 291*3 - - mm

15 2*34 1 6 5 .9 296*0 mm - - -
16 5 .6 0  173*6 308 mm - -

T o t a l s 49*50 0*57 1 .5 7 0*55 0 .2 3
$  E s t e r s 1 .1 5 3 .1 7 1 .1 1 0 .4 6
i* A c id s 1 .1 3 3 .1 4 1*10 0 .4 5

fo F r a c t i o n  ( 3 8 .7 ) 0 .4 4 1 .2 2 0*43 0 .1 7

F r a c t i o n 1*7* o f  a c i d s
I s o m e r i s a t i o n  D a ta  

0 a t  2 3 4 ® ^cm *+ 268 lorn gulf
04 1 0 5 .1  1 2 5 .7
09 1 5 3 .0  5 2 9 .0  4 9 .9
015 1 7 3 .0  3 8 6 .0  1 7 8 .9

* a f t e r  i s o ® e r i s a t i o n  a t  1 8 0 °0 /6 0  m in .
+ a f t e r  i s o m e r i s a t i o n  a t  170°C /15  min*

U.V. a b s o r p t i o n  o f  u n i s o m e r ie e d  f r a c t i o n s  was n e g l i g i b l e *
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CM 1
Q  1 

16

1 
^

; 
o>

H
1 1

00
H c , ^ 11v18

n  111 
18 *a 20 JJ.S.

0 .6 7 «*» «*■> «• : <*► - -

0 .3 4 1 .9 8 0 .1 3 ** - —
0 .1 6 1 .9 9 0 .1 5 - - - - -

** 1*88 0*12 0 .1 4 0 .2 0 0 .0 3 - -
- 0 .4 0 0 .0 3 0 .9 2 1 .2 6 0 .2 2 - -
mm mm - 1 .1 0 1 .5 1 0 .2 6 mm

1 .1 3 1 .5 4 0 .2 6 - -

• — 1.21 1 .6 7 0 .2 8 - -
- mm 1 .1 4 1*57 0 .2 7 ~ -
- m* mm 1 .0 6 1 .4 6 0 .2 5 - -
mm - - 1.16 1 .5 8 0 .2 7 • -
■mm mm 1 .3 5 1 .8 5 0 .3 2 - -

m 1.42 1 .9 4 0 .3 3 - -

** ,-i. mm «*. 1 .1 9 1 .6 4 0 .2 8 •» -

4Mft

mm 

■ mm

mm

mm
2 .4 2 3 .3 1 0 .5 7 1 .3 7 0 .2 ?

1 -1 7 5 . 2 5 0 .4 1 1 4 .2 4 1 9 .5 3 3 .3 4 1 .3 7 0 .2 7
2 .3 6 1 2 .6 3 0*85 2 8 .77 3 9 .4 5 6 .7 5 2 .7 7 0 .5 5
2.33. 1 9 .  SO 0 .8 3 2 8 .8 2 3 9 .4 9 6 .7 5 2 .7 9 0 .5 8
o #90 4*87 0 .3 2 1 1 .1 5 1 5 .2 9 2 .6 1 1 .0 8 0 .2 2



02 and 03 a r e  assum ed to  c o n ta in  cx4^ and *^16*

( a s  i n  0 4 ) ,  th e  c o m p o s it io n  o f  th e s e  f r a c t i o n s  b e in g  

c a l c u l a t e d  u s in g  th e  fo rm u la  a s  d e s c r ib e d  f o r  B2* F r a c t io n  

Cl i s  c o n s id e r e d  a s  C12° ,  CĴ g3*, and C ^ 1 i . e .  i t

c o n ta in s  two s a t u r a t e d  and two u n s a tu r a t e d  e s t e r s ;  th e n  

o n ly  a  s m a ll  e r r o r  i s  e n t a i l e d  by t a k in g  th e  e q u iv a le n t  

o f  th e  u n s a t u r a t e d  p a r t  a s  th e  same a s  t h a t  a s  th e  f r a c t i o n  

i t s e l f  ( c f • H i l d i t c h  1947d)

ft 1 rt 1 n 1 * ft 1
4 12  ^14 12 °14i . e . — _ —   — r   + _______ t l ___ __ r ~ m J zl ._____ - t—  ...............  (A )

S .E . o f  S .E . o f  0^  SEobs.

F u rth er

O ^ 1 at 1 .7 .  o f  O ^ 1 + O ^ 1 x  I .V .  o f  C141 * 100 x  1 .7 .  o b s .(B )

S o lv in g  (A) and (B) s im u lta n e o u s ly  g iv e s  v a lu e s  f o r  C12^ and 

and th e  re m a in in g  p a r t  c an  b e  p a r t i t i o n e d  b e tw ee n  th e  

two s a t u r a t e d  e s t e r s  i n  th e  u s u a l  way. F r a c t io n s  Cl 5 and
i

016 w ere com bined  f o r  c a l c u l a t i o n  and th e  e s t e r s  w ere  

c o n s id e r e d  to  c o n s i s t  o f  1 i n  C14 and * C^q * -  th e

c o m p o s it io n  was th e n  com puted a s  i n  B3*

Th© e s t e r s  w ere th e n  t o t a l l e d  a s  shown i n  th e  t a b l e s  and 

c o n v e r te d  to  *$ a c id s*  and f i n a l l y  to  Increm ent©  o f  th e  

t o t a l l e d  m ixed  a c id s  e x p re s s e d  a s  fs wt* T hese  In c re m e n ts  

wer® t o t a l l e d  and th e n  e x p re s s e d  a s  w t. and  $  m o l. 

e x c lu d in g  u n s a p o n i f ia b le  a s  i n  T ab le  4 .



Table  4 ' -  Component Acids of C. porosus fat

A cid A B 0 T o ta l Ex cl* 
Unsapo: 
$  wt*

u&ing  ̂
n i f i a b l e  

i<> m o l.
S a tu r a t e d

I»au rio — 0 .4 4 0 .4 4 0 ,4 4 0 ,5 9

M y r i s t i e 0*80 0*83 1 .2 2 2 .8 5 2 .8 6 3 .3 9

P a lm i t ic 2 3 .5 8 2 .5 1 0 .4 3 2 6 .5 2 2 6 .61 2 8 .1 0

S t e a r i o 4 .7 5 +m - 4 ,7 5 4 .7 7 4 .5 4

A ra e h id ic 0 .5 6 - - 0 ,5 6 0 .5 6 0.4-9

U n s a tu ra te d  

D odeeeno ic 0 .1 ? 0 .1 7 0 .1 7 v> , 23

T e tr a d e e e n o ie - 0 .1 8 0 .9 0 1 .0 8 1 .0 8 1 . 2 9

E e x a d e c e n c ic 0 .1 ? 1 .1 7 4 .8 ? 6 .2 1 6 .2 3 6 ,6 3

H e x a d e e a d ie n o ic - - 0 .3 2 0 .3 2 0 .3 2 0 .3 4

O c ta d e c e n o ic 3 .0 6 19*24 1 1 .1 5 3 3 .4 5 3 3 .56 3 2 .1 6

0 c ta d  e c a d i  e n o ic 0 .2 5 1 .4 3 1 5 .2 9 1 6 .9 7 1 7 .0 2 1 6 .4 3

O c ta d e c a t r i e n o ic ««* 2 .6 1 2 ,6 1 2 .6 2 2 .5 5

As e ic o © e n o ic - 2 .6 ? 1 .0 8 3 .7 5 3 .7 6 3 .2 6

U n s a p o n if ia b le 0 .0 3 0 .0 7 0 .2 2 0 .3 2

+ av era g e  u n sa tu r a t io n  -  3#5B,



The A n a ly s is  o f  C ro c o d ile  E a t

I n tr o d u c t io n

The o r d e r  O r o o o d i l ia  oompx*ise© th e  c r o c o d i l e s  p r o p e r  

to g e th e r  w ith  a l l i g a t o r s  and g h a r ia ls ,  The a n a l y t i c a l  

r e c o r d  r e g a r d i n g  f a t s  o f  t h i s  o r d e r  i s  p a r t i c u l a r l y  b a r r e n  

and u n t i l  r e c e n t l y  th e  o n ly  f i g u r e s  a v a i l a b l e  w ere th o s e  

from  an  A f r ic a n  c r o c o d i le  and th e  r e l a t e d  a l l i g a t o r  o b ta in e d  

by  K obaysh i (1922) and from  sam p les o f  a l l i g a t o r  o i l  

(L uh r 1 9 3 2 , E em brot and C ad robb i 1 9 3 6 ) . These a c c o u n ts ,  

h o w ev er, m e re ly  r e c o rd  th e  io d in e  v a lu e s  and o t h e r  c o n s ta n t s  

and th e  a u th o r s  make no a t te m p t  to  e a r r y  o u t  a  d e t a i l e d  

a n a l y s i s .  The C o lo n ia l  P ro d u c ts  A d v iso ry  B ureau  ( P l a n t

and A nim al) h a s  r e c e n t l y  shown an  i n t e r e s t  i n  c r o c o d i le

o i l  and  c a r r i e d  o u t  a  s im p le  e x a m in a tio n  on sam p les o f  o i l  

from  T a n g a n y ik a , p r im a r i ly  w ith  a  v iew  to  i t s  p o s s ib l e  

m a rk e t v a lu e  (B e n n e t, Brown, Coomes, M orton  and Raymond 1950) 

These a u th o r s  h av e  su g g e s te d  t h a t  c r o c o d i le  o i l  m ig h t f in d  

a  u s e  a lo n g s id e  t u r t l e  o i l  i n  c o sm e tic  p r e p a r a t i o n s .  S in c e  

i t  i s  u n c e r t a i n  why t u r t l e  o i l  i s  fa v o u re d  i n  t h i s  c o n n e c tio n

i f  i s  d i f f i c u l t  to  say  how f a r  th e  p r e s e n t  r e s u l t s  add to

w hat i s  known a b o u t c r o c o d i le  o i l  r e l a t i v e  to  i t s  u s e  i n  

t h i s  way.

A f te r  t h i s  work had  b een  p u b l is h e d  ( Guns to n e  and R u s s e l l  

1954a) an  a n a l y s i s  o f  an  I n d ia n  c r o c o d i le  f a t  ( G a v ia lu s  

ffa n ig e tic u s) was r e p o r te d  (P a th a k  and Pande 1 9 5 5 ) .



24

O r ig in  and P r e p a r a t io n  o f  th e  P a t

Two sa m p le s  o f  f a t  w ere  in v e s t ig a te d *  One was 

o b ta in e d  from  an  a d u l t  E s tu a r in e  c r o c o d i le  ( Q rocody luo  

p o r o s u s ) o f  a b o u t 20 y e a r s  w hich  had  b e e n  k e p t  i n  c a p t i v i t y  

i n  E d in b u rg h  Zoo w here i t s  d i e t  c o n s i s t e d  o f  w hole d ead  

p i g l e t s .  A p o s t  mortem e x a m in a tio n  showed some e n t e r i t i s  

and  a  f a t t y  i n f i l t r a t i o n  o f  th e  l i v e r .  The c ru d e  f a t t y  

m a t e r i a l  a f t e r  a u to c la v in g  a t  120°C was b ro k en  up i n  a  

h o m o g e n ise r  and e x t r a c t e d  w ith  l i g h t  p e tro le u m  (b*p* 4 0 -6 0 a C) 

g iv in g  a  p a le  y e llo w  s e m i- s o l id  f a t  { f o r  d e t a i l s  s e e  B aton  

1953)*  The seco n d  sam ple  o f  f a t ,  o b ta in e d  th ro u g h  th e  

k in d n e s s  o f  th e  s t a f f  o f  th e  C o lo n ia l  P ro d u c ts  A d v iso ry  

B u re a u , came from  a  c r o c o d i le  (C ro c o d y lu s  n i l o t i c u s ) i nw M—wcaft*— JWnifii iw ia»i> 9

T an g an y ik a  l i v i n g  p resu m ab ly  i n  i t s  n a t u r a l  s t a t e .

T hese  f a t s  w ere a n a ly s e d  i n  th e  m anner a l r e a d y  i n d i c a t e d .  

The d e t a i l e d  r e s u l t s  a r e  g iv e n  i n  th e  A ppendix page  ^6 . 

E x am in a tio n  o f  U n s a tu ra te d  A c id s  o f  C *po rosus and C. n i l o t i c u s  

f a t s

U n s a tu ra te d  a c id s

E v id e n c e  f o r  th e  p re se n c e  o f  p o ly e th e n o id  a c id s  i s  

d e r iv e d  o n ly  from  s p e c t r o s c o p ic  d a ta  and i t  seem s p ro b a b le  

t h a t  th e s e  a c id s  a r e  a  com plex m ix tu re  ( f o r  a  f u r t h e r  

d i s c u s s io n  on t h i s  s u b j e c t  se e  p .  34 w here a  s i m i l a r  

c ir c u m s ta n c e  o c c u rs  i n  th e  u n s a tu r a t e d  a c id s  o f  o s t r i c h  f a t ) .



The o c c u r r e n c e  o f  h e x ad e e —9—e n o ic  a c id  was shown by 

o x i d a t io n  w ith  a l k a l i n e  p o ta s s iu m  p e rm an g an a te  (h a p w o rth  and 

M ottram  1925) to  g iv e  9*10 d ih y d ro x y p a lm it ic  a c id  (m .p t*  

123~124°C from  0 .  p o ro s u s  and m .p t .  1 2 6 -1 2 7 °C from  C* n i l o t i c u g  

U n s a tu ra te d  C-^g a c id s

I t  h a s  lo n g  b een  r e c o g n is e d  t h a t  th e  y i e l d  o f  a  bromo 

d e r i v a t i v e  from  any g iv e n  p o ly e th e n o id  a c id  i s  n o t  

q u a n t i t a t i v e !  how ever by c a r r y in g  o u t  th e  b ro m in a tio n  and 

s e p a r a t i o n  o f  th e  b ro m id es  i n  a  r i g i d  and p r e s c r ib e d  m anner 

c e r t a i n  e m p i r ic a l  v a lu e s  have  been o b ta in e d  w hich  h av e  been  

d e s ig n a te d  p o ly b ro m id e  num bers . By m eans o f  s u i t a b l e  

e q u a t io n s  th e s e  p o ly b ro m id e  num bers can  be r e l a t e d  to  th e  

p e rc e n ta g e  o f  th e  i n d iv i d u a l  com ponents o f  a  g iv e n  m ix tu re  

o f  u n s a t u r a t e d  a c i d s ,  a l th o u g h  i t  sh o u ld  be r e c o g n is e d  t h a t  

i n  c e r t a i n  o a s e s  c o n s id e r a b le  e r r o r s  may a r i s e  b e c a u se  o f  

m u tu a l s o l u b i l i t y  e f f e c t s  w hich  th e  bromo d e r i v a t i v e s  e x e r t  

on e a c h  o t h e r  (M ark ley  1 9 4 7 ) . T h is  m ethod d ep en d s 

e s s e n t i a l l y  on th e  s e p a r a t io n  o f  th e  e t h e r - i n s o l u b l e  h e x a -  

b ro m id e s  from  th e  te t r a b r o m id e s  w hich  a r e  s o lu b le  i n  e t h e r  

and i n s o l u b l e  i n  p e tro le u m  e t h e r  ( b .p .  4 0 -6 0 °C )•

B ro m in a tio n  o f  a  f r a c t i o n  from  0* poro  su s  r i c h  i n  C-^g 

p o ly e th e n o id  a c id s  (09 ) was e f f e c t e d  q u a n t i t a t i v e l y  and 

u s in g  c o n s t a n t s  a p p l i c a b l e  to  l i n o l e n i o  and l i n o l e i c  a c id s  

r e s u l t s  w ere  o b ta in e d  a s  shown i n  T a b le  5 . T hese a g re e  

f a i r l y  w e l l  w ith  th e  v a lu e s  o b ta in e d  by th e  i s o m e r i s a t i o n
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p ro c e d u re  and s u g g e s t  t h a t  th e  o e ta d e c a d i -  and t r i e n o i c  

a c id s  o f  £ .  p o ro s u s  a r e  s u b s t a n t i a l l y  th e  a l l  c i s  is o m e rs  

a s  fo u n d  i n  v e g e ta b le  o i l s *

f a b l e  5 -  P o ly e th e n o id  0^Q a c id s

B ro m in a tio n  A lk a l i  i s o m e r i s a t i o n

Men© T r ie n e D iene f r i e n e

0 .  f io ro au e 4 8 .7 1 2 .9 4 4 .4 1 4 .3

C* n i l o t i c u s 1 6 .9 1 7 .9 1 2 .8 2 3 .8

T a lu e s  a r e  g iv e n  a s  $  wt* o f  f r a c t i o n s  

c o n ta in in g  o n ly  C-^g a c i d s .

f h i s  c o n c lu s io n  i s  c o n firm ed  by th e  a d d i t i o n a l  

a p e c t r o g r a p h ic  d a ta  a s  re c o rd e d  i n  F ig u re  1 . J a c k s o n , 

P a s c h k e , f o l b e r g ,  Boyd and W heeler (1 9 5 2 ) i n  a  s tu d y  o f  

th e  a l k a l i  i s o m e r i s a t i o n  o f  l i n o l e i c  a c id  and some o f  i t s  

g e o m e tr ic a l  is o m e rs  d e te rm in e d  th e  p e r io d  o f  i s o m e r i s a t i o n  

r e q u i r e d  to  g iv e  th e  maximum U.V. a b s o r p t io n .  f h i s  was 

fo u n d  to  be 45 m in u te s  f o r  th e  e l s * c i s  a c id  ( i * e .  l i n o l e i c ) , 

360 m in u te s  f o r  th e  t r a n s , t r a n s  a c id  and 150 m in . f o r  th e  

e l s ,  t r a n s  a c i d .  fh e  d e t a i l e d  r e s u l t s  g iv e n  by th e s e  

a u th o r s  c l e a r l y  shows t h a t  th e  c i s * c i s  a c id  i s o m e r i s e s  

q u ic k e r  th a n  i t s  g e o m e tr ic a l  iso m e rs  and s in c e  i n  o u r  

e x p e r im e n ts  th e  maximum v a lu e  was o b se rv e d  a f t e r  one hour* 

t h i s  can  be ta k e n  ©s a d d i t i o n a l  e v id e n c e  t h a t  th e  o c ta d e c a 

d i  e n o ic  a c id  i s  e s s e n t i a l l y  th e  c i s ,  c i s  compound.
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The r e s u l t s  o b ta in e d  i n  th e  b ro m in a tio n  o f  C. n i l o t i c u s  

( s e e  T a b le  5) a r e  l e s s  d e f i n i t e  and a lth o u g h  l i n o l e i c  and 

l i n o l e n i c  a c id s  a r e  p r e s e n t  ( s e e  below ) th e y  a r e  p ro b a b ly  

accom panied by i s o m e r ic  com pounds. F u r th e r  e v id e n c e  o f  th e  

p re s e n c e  o f  l i n o l e i c  and l i n o l e n i c  a c id s  i n  b ath  th e s e  

f  a ta  i s  p ro v id e d  by th e  r e  c r y s t a l l i s a t i o n  o f  th e  brom o- 

d e r i v a t i v e s  p r e p a r e d  a s  above to  g iv e  compounds i d e n t i c a l  

w ith  th o s e  d e r iv e d  from  th e  a c id s  found  i n  v e g e ta b le  f a t s ,  

i . e .  0* p o ro s u s  gave h e x a b ro m o s te a r ic  a c id  m .p t .  184-*137°C

and t e t r a b r o m o s t e a r i c  a c id  m .p t .  1 1 2 -1 1 4 °C 

C. n i l o t i c u s  gave h e x a b ro m o s te a r ic  a c id  s a .p t .  1?7 -179°C  

and t e t r a b r o m o s te a r i c  a c id  m .p t .  1 1 0 -1 1 2 °0 . 

M ixed m .p t s .  w ith  a u th e n t i c  sam p le s  gave no d e p r e s s io n s .

I t  i s  i n t e r e s t i n g  to  com pare th e s e  o b s e r v a t io n s  w ith  th e  

r e s u l t®  o b ta in e d  f o r  th e  a n a l y s i s  o f  t o a d f a t  (C a tta n e o  9 

d eS u tto n  and P en h o s 1 9 5 1 ) . I n  t h i s  f a t  e v id e n c e  was fo u n d  

o f  th e  e x i s te n c e  o f  o t h e r  o c t a d e c a t r i e n o i c  a c id s  d i f f e r i n g  

from  l i n o l e n i c  a c i d ,  a lth o u g h  th e  p re s e n c e  o f  l i n o l e i c  and 

l i n o l e n i c  a c i d s  was shown by th e  p r e p a r a t i o n  o f  th e  u s u a l  

b r o m o d e r iv a t iv e s .

O le ic  a c id  was shown to  be p r e s e n t  i n  b o th  th e  sam p les  

o f  c r o c o d i le  f a t  by th e  o x id a t io n  o f  s u i t a b l e  f r a c t i o n s  by 

a l k a l i n e  p o ta s s iu m  p e rm a n g a n a te . (L apw orth  and M otiram

1925) g iv in g  9 s10 d ih y d r o x y s te a r ic  a c id  [ m .p t .  131 °C from  

CJ. p o ro  su s  and m .p t*  1 2 8 .5  -  129 °C from  0. n i l o t i c u s  3.



U n s a tu ra te d  &2Q--22 a c *d s
iim.nnii' . ii. n m w  ......

T h ese  u n s a t u r a t e d  a c id s  a r e  r a t h e r  com plex i n  c h a r a c t e r  

and  i n  t h e  a n a l y s i s  o f  0 . p o ro s u s  f a t  th e y  a p p e a r  i n  

f r a c t i o n s  B and 0* T h a t p o r t i o n  w hich i s  p r e s e n t  i n  

f r a c t i o n  B m u st be l a r g e l y  m o n o eth en o id  i n  v iew  o f  i t s  low  

io d in e  v a lu e  (a p p ro x im a te ly  9 0 ) ,  i t s  sm a ll a b s o r p t io n  e.t 

234mja (a p p ro x . 40) a f t e r  a l k a l i  i s o m e r i s a t i o n ,  and th e  f a c t  

t h a t  th e  h ig h e r  s a t u r a t e d  a c id s  do n o t  appeal* i n  t h i s  f r a c t i o n .  

The hom ologous a c id s  i n  f r a c t i o n  0 a r e  more u n s a tu r a t e d  and 

s i n c e  th e y  show a p p r e c ia b le  a b s o r p t io n  a f t e r  a l k a l i  

i s o m e r i s a t i o n  a t  234mju, 268mp.f 50® and 315mjuf th e y  m ust 

c o n ta in  a  t e t r a e t h e n o i d  a c id  (p ro b a b ly  a r a c h id o n ic  a c id )  

acco m p an ied  p o s s ib ly  by l e s s  u n s a tu r a te d  C2q a c i d s .

The h ig h e r  u n s a tu r a t e d  acid®  o f  C« n i l o t i c u s  f a t  a re  

p r e s e n t  i n  g r e a t e r  am ounts and in c lu d e  C22 a s  a s  C2q

a c i d s .  B o th  o c c u r  a lm o s t e n t i r e l y  i n  f r a c t i o n  C and a r e  

h ig h ly  u n s a tu r a t e d  ( io d in e  v a lu e  2 2 0 -1 0 0 ) . A lk a l i  

i s o m e r i s a t i o n  o f  th e  02q f a c t i o n  g iv e s  a p p r e c ia b le  

a b s o r p t io n  maxima a t  234m]u, 2 6 8 , 3 0 0 , 315 and 346mju show ing 

t h a t  p e n ta e th e n o id  a c id s  a r e  p r e s e n t  ( s e e  H erb 1 9 5 5 ) .

F r a c t i o n s  from  £ .  n i l o t i c u s  f a t  r i c h  i n  C2q c 22 a c id s  w ere  

a l s o  b ro m in a te d  and th© s o l i d  p r o d u c ts  r e c r y s t a l l i s e d  from  

a  v a r i e t y  o f  s o lv e n ts *  Two com pounds w ere o b ta in e d  and 

th e s e  w ere  p ro b a b ly  h e x a b ro m o e ic o sa n o ie  a c id  (decom poses a t



255°Cs fo u n d  B r 6 1 .4 $ ,  c a l c u l a t e d  f o r  C20H34°2B r6 ’

6 1 .0 $ )  and d ecab ro m o d o o o san o ic  a c id  (m e l ts  w i th  d e c o m p o s itio n  

a t  260°0s fo u n d  1 5 ^ 70*6$ , c a l c u l a t e d  f o r  C22i% 4°2B r1 0 '

7 0 .7 $ )>  th u s  i n d i c a t i n g  t h a t  e i c o s a t r i e n o i c  and d o c o s a -  

p e n ta e n o io  a c i d s  o c c u r  i n  th e  020 and C22 f r a c t i o n s .

B e t a i l s  o f  o th e r  s im p le r  a c id s  i s o l a t e d  a r e  g iv e n  i n  

th e  a p p e n d ix  (p a g e s  8 7 ,9 1 ) ,  a f u r t h e r  d e t a i l e d  

q u a l i t a t i v e  e x a m in a tio n  o f  th e  u n s a tu r a te d  a c id s  o f  

£ •  n i l o t i c u s  f a t  i s  made i n  P a r t  I I  (page?-3° ) .

D is c u s s io n

K lenk  (1933 ) and K le n k , D i t t  and D ie h o ld  (1935) have  

draw n a t t e n t i o n  to  th e  f a c t  t h a t  th e  f a t t y  a c id  c o m p o s itio n  

o f  c e r t a i n  am p h ib ian  and r e p t i l e  f a t s  s tu d ie d  by them  was 

i n t e r m e d ia t e  b e tw een  th e  f a t s  o f  m a rin e  and la n d  a n im a ls .

The r e s u l t s  o b ta in e d  i n  t h i s  group  o f  a n im a ls  s in c e  th e s e  

o r i g i n a l  o b s e r v a t io n s  do n o t  a l t e r  t h i s  c o n te n t io n ,  and  

r e f e r e n c e  to  T ab le  6 shows t h a t  th e  a n a ly se s  o f  c r o c o d i le  

f a t  a c c o rd  w ith  t h i s  g e n e r a l  c l a s s i f i c a t i o n  o f  e m p h ib ia n s  

and r e p t i l e s .

I n  co m p arin g  th e  c o m p o s itio n  o f  th e  th r e e  c r o c o d i le  f a t s ,  

i t  s h o u ld  be  p o in te d  o u t  t h a t  th e  two a n a ly s e s  o f  f a t  from  

w ild  a n im a ls  ( i . e .  £* n i l o t i c u s  and G a v ia l i s  & a n g e tic u s ) 

show s t r i k i n g  s i m i l a r i t i e s .  The m ain  d i f f e r e n c e s  a r e  i n  

th e  d i s t r i b u t i o n  o f  th e  C-^g a c i d s ,  th e  t o t a l s  f o r  w hich  a re  

how ever a lm o s t  e x a c t ly  th e  sam e. I n  th e  m ore s a t u r a t e d
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f a t  ( I . ? ,  o f  G. f fa n g o tic u s  f a t  was 7 2 .6 )  t h e r e  1 b more 

s t e a r i c  uoxd p r e s e n t  and. x css  u n su tu x ’a ie d  ^18 a c i d s  

( c f .  G unstone  195513).

g a b le  6 ~ Com ponent A c id s  o f  A m phibian and  R e p t i l e  f a t e
(fo W t.)

A cid P ro g T o r to i s e T u r t l e  
( i )  ' ( i i )

L a u r ie mm - 1 3 . 3* -

M y r i s t i e 4 1 1 0 .6 6*6

P a lm i t ic 11 14 1 7 .0 21*8

S t e a r i c 3 4 4 .1 1 5 .5

A ra c h id ic - - - 1 .9

Te t r a d e  ceno i  c - - 1 .3 3*5

H e x ad e ee n o ie 15 9 7 .8 18*0

O c ta d e c e n o ic

O c ta d e c a d ie n o ic

O c ta d e c a t r i e n o ic

52

(-2 .5 H )

65

(-2 .4 H )

3 9 .6

(-2 .2 H )

3 1 .4

(-3 .7 H )

• E ie o s e n o ie ’ 

•L o co sen o ic*
15

(-6H )
7

(-4H )
6 .1

(-6 .3 H )
1 .3

( -8 .6 H )

A ll  v a lu e s  a r e  ta k e n  from  H i l d i t c h  (1947) a p a r t  from  

r e s u l t s  f o r  t u r t l e  ( i i )  G i r a l  and  M arques ( 1 9 4 8 ) ,  python  

(G u n sto n e  and P a to n ,  1 9 5 3 ) ,  to a d  (C a tta n e o  e t  1951) 

and c r o c o d i l e .  The c r o c o d i le  r e s u l t s  a r e  from  th e  f a t

o f  ( i )  C ro o o d y lu s  p o ro s u s  ( i i )  .Q rooodylue n i l o t i c u s  ( i i i )
■SgyiaJLis. f - a n ^ e tic u s  (P a th a k  and  Pande 1 9 5 5 ) .
** A lso  0.2y> d e c a n o ic  a c id  + a l s o  0 .2 ^  d o d e c e n o ic  a c id .



(1 )
C r o c o d ile

( i l l )
,  LlaBard m 
( i )  ( i i ) IJtt&oa lo a d

0*4 *• 0*2 mm • mm 0*5

2 .9 3 .9 4 .2 4 4 1 .3 3 .4

2 0 .6 24*0 2 5 .8 10 29 19*7 ■i.8 * 2

4 * 8 : 3 .4 8*7 7 10 10*8 3 .0

0 .6 1 .3 - mm - 1 .2 0 .5
4r

1*1, 1 .0 2 .0 mm 0 .5 x .  2

6 .5 1 5 .0 1 1 .6 10 12 3 .9 1 5 .1

3 3 .5

1 7 .0

2*6

5 0 .6

6 .5
(

3 .1

35*5

-30H)

56

(~24H)

40

(-2 .7 H )

4 7 .0

1 0 .7

0*8

5 7 .9

3*8

«■»

6*8

4 .2  (
1 2 .0

-5 .3 B )
5

(~5B)
5

5H)
4 .1

mm
1 .4



I t  i s  a l s o  e v id e n t  t h a t  th e  f a t  from  th e s e  a n im a ls  l i v i n g  

i n  t h e i r  n a t u r a l  s t a t e  c o n ta in s  a  g r e a t e r  p r o p o r t io n  o f

^16 ^20—22 u a s a ^U3:’a ^©d a c i d s ,  w h ereas th e  f a t  from

£ •  p o ro s u s  c o n ta in s  m ore o c ta d e c a d ie n o ie  a c id  w hich  i s  

m ore c e r t a i n l y  l i n o l e i c  a c id  th a n  i n  th e  fo rm e r  c a s e ,  The 

d i f f e r e n c e s  p ro b a b ly  r e f l e c t  d i f f e r e n c e s  i n  d i e t  s in c e  th e  

c a p t iv e  a n im a l was f e d  on w hole dead  p i g l e t s ,  w h i l s t  

c r o c o d i l e s  i n  t h e i r  n a t u r a l  h a b i t a t  a r e  r e p o r te d  to  e a t  

m a in ly  f i s h ,  A s i m i l a r  c o m p ariso n  can  be  made b e tw een  

th e  two l i z a r d s t  th e  specim en  ( i )  was a  m a tu re  an im al 

w hich  had  b e e n  k e p t  i n  c a p t i v i t y  f o r  a  num ber o f  y e a r s  

w h i l s t  l i z a r d  ( i i )  was a  v e ry  young an im a l o f  th e  same 

s p e c i e s  w h ich  h a d  been  k i l l e d  i n  G eylon. I t  i s  a ls o  

i n t e r e s t i n g  to  n o te  t h a t  i n  s p i t e  o f  i t s  lo w e r  ! .¥ * »  th e  

f a t  from  6* g a n g e t ic u s  i s  m ore m a rin e  i n  ty p e  th a n  t h a t  

from  C* poro  s u s  * b e c a u se  o f  th e  p re s e n c e  o f  h ig h e r  

q u a n t i t i e s  o f  and 020-22  u n s a ^u r a :̂e^ a c id s*

As r e g a r d s  th e  s u g g e s t io n  by B en n et e t  a l ^ (1950) 

c o n c e rn in g  th e  s u b s t i t u t i o n  o f  c r o c o d i le  f o r  t u r t l e  o i l  i n  

th e  c o s m e tic s  i n d u s t r y ,  c o m p ariso n  w ith  th e  f i g u r e s  

o b ta in e d  f o r  t u r t l e  o i l  c e r t a i n l y  i n d i c a t e  s i c i i l i a r i t i e s ,  

GiTaX and c o -w o rk e rs  (1948) have  made an  e x te n s iv e  s tu d y  

o f  M exican t u r t l e  o i l s  -  f o u r  sam p les  o f  o i l  from  d i f f e r e n t  

s p e c i e s  w ere a n a ly s e d ,  and th e s e  w ere fo u n d  to  v a ry  som ewhat



among th em se lv e s#  ~ C om parison o f  th e  c o m p o s itio n  o f  th e  

o i l  from  O a r e t t a  e a r e t t a  [ t u r t l e  ( i i )  i n  f a b le  6 ] w ith  

t h a t  from  £ .  n i l o t i c u s  ( t h i s  a n im a l b e in g  i n  i t s  n a t u r a l  

s ta t©  and b e lo n g in g  to  th e  s p e c ie s  p o t e n t i a l l y  a v a i l a b l e )  

show s a  m arked  s i m i l a r i t y  a p a r t  from  th e  g r e a t e r  p r o p o r t io n s  

o f  u n s a t u r a t e d  0 2 0 -2 2  a n s a ^u r a ^e<2- a c id s  i n  th e  c r o c o d i le  o i l .  

M o reo v er th e  o i l  from  t h i s  s p e c ie s  o f  t u r t l e  i s  r e a d i l y  

a v a i l a b l e  i n  th e  M exican  m a rk e t and i s  w id e ly  u se d  i n  

c o s m e tic s  ( G ira l  and M arquez 1 9 4 8 ) , In  th e  o th e r  sam p le s  

o f  t u r t l e  f a t  exam ined  th e  p r o p o r t io n  o f  ^ 2 0 -^2  a c i ^ s  

v e r y  s i m i l a r  ( e . g .  C helone m ydas) a l th o u g h  th e  d i s t r i b u t i o n  

o f  t h e  s a t u r a t e d  a c id s  i s  somewhat d i f f e r e n t .  I t  i s  r e p o r t e d  

t h a t  th e  u s e f u l n e s s  o f  ‘t u r t l e  o i l  i n  c o s m e tic s  i s  due to  

th e  p re s e n c e  o f  h ig h e r  u n s a tu r a t e d  a c id s  ( c f . H a rry  1941} 

1 9 4 8 ) i  th e s e  o c c u r  i n  m ost am p h ib ian  and r e p t i l e  f a t s  and 

a l s o  in  l a r g e r  am ounts in  f i s h  o i l s .  f h e r e  may be o l f a c t o r y  

o b j e c t io n s  to  th e  u s e  o f  th e  l a t t e r ,  and w h i l s t  a t  p r e s e n t  

many am phibian and r e p t i l e  f a t s  a r e  n o t  e a s i l y  a v a i l a b l e ,  

c r o c o d i le  f a t  i f  a v a i la b le  may th u s  f in d  a  u s e  in  c o s m e t ic s .



The A n a ly s is  o f  O s t r i c h  and FLamingo ffa ta  

I n t r o  a u c t io n

T h ere  a r e  v e ry  few  d e t a i l e d  a n a ly s e s  o f  b i r d  d e p o t 

f a t s ,  o n ly  th o s e  o f  th e  d o m e s tic  h e n , g rey  goose  and emu 

h a v in g  b e e n  s tu d ie d  i n  s u f f i c i e n t  d e t a i l .  I t  i s  o b v io u s  

o f  c o u rs e  t h a t  t h e r e  w i l l  be d i f f i c u l t i e s  i n  th e  way o f  

o b ta in in g  a  l a r g e  enough sample o f  f a t  from  such  sm a ll 

a n im a ls  a s  b i r d s .  T h is  f a c t  p ro b a b ly  e x p la in s  th e  l a c k  

o f  d a ta  i n  t h i s  f i e l d ;  th e  o n es t h a t  have b een  exam ined 

b e in g  among th e  b ig g e r  members o f  t h i s  g ro u p .

A s u p e r f i c i a l  e x a m in a tio n  o f  o s t r i c h  f a t  h a s  been  

c a r r ie d  o u t  by Vamvakas (1910) who how ever m e re ly  r e c o r d s  

th e  I . ? .  ( 7 1 .1 ) ,  3 . E . (2 6 5 .4 )  and some o th e r  c o n s t a n t s .

O r ig in  and P re p a r a tio n  o f  the P a ts
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The o s t r i c h  f a t  u se d  i n  t h i s  i n v e s t i g a t i o n  was o b ta in e d  

from an  a d u l t  m ale  an im al ( S t r u t h io  c am elu s) w hich had b een  

i n  c a p t i v i t y  i n  E d in b u rg h  Zoo. I t s  d i e t  c o n s i s t e d  o f  

p a s tu r e  su p p le m e n te d  w ith  w hole m a iz e , c o n t r a s t i n g  w ith  i t s  

n a tu r a l d i e t  w hich  c o n s i s t s  o f  sm a ll a n im a ls ,  b i r d s ,  s n a k e s ,  

li& a r d s  and i n s e c t s ,  a s  w e ll  a s  g r a s s ,  l e a v e s ,  f r u i t s ,  

b e r r i e s  and seeds*  * A p o st-m o rtem  r e v e a le d  a  k n o t te d  m ass 

o f  g r a s s  f i l l i n g  th e  p r o v e n t r i c u lu s  and g iz z a r d .  A v a r ie d  

b a c t e r i a l  f l o r a  was i s o l a t e d  from  th e  bone m arrow and th e r e  

was s e v e r e  c o n g e s t io n  o f  th e  duodenum and a  f a t t y  i n f i l t r a t i o n  

o f  th© l iv e r "  ( I n fo rm a t io n  k in d ly  s u p p l ie d  by Mr. E.G.

A p p le b y ) .



The sam ple o f  f lam in g o  f a t  came from  a f a i r l y  young 

a d u l t  b i r d  (P h o e n ic o p te rn s  c b i l e n s i s ) i n  c a p t i v i t y  a t  

B r i s t o l  whose d i e t  c o n s i s te d  m a in ly  o f  v e g e ta b le  ro u g h ag e  

from  th e  b o tto m  o f  a  pond t o g e t h e r  w ith  worm s, s lu g s  and 

o c c a s i o n a l l y  s h r im p s . In  i t s  n a tu r a l  s t a t e  th e  f lam in g o  

s u b s i s t s  on th e  s m a ll  a n im a ls  and v e g e ta b le  m a t te r  ( a lg a e )  

w hich l i v e  i n  th e  muddy b ed s  o f  ponds and l a k e s .  T h is  

a n im a l ’ s  d e c e a s e  w as c au se d  by a  f r a c t u r e  o f  th e  r i b s  w hich 

to r©  a  lu n g  and c a u se d  h a e m o rra g e . The f a t s  w ere e x t r a c t e d  

i n  th e  u s u a l  way w ith  p e tro le u m  e th e r  (b . p t .  40-60°C ) and 

a n a ly s e d .  D e ta i le d  r e s u l t s  a r e  g iv e n  i n  th e  ap p en d ix  

(p ag e  92 ) #

U n sa tu r a t e d  A c id s  o f  O s tr i c h  and Flam ingo F a ts
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U n a a tu ra te d  c a c i d s ; B oth  th e s e  f a t s  w ere found to  

c o n ta in  h e x a d e c a d ie n o ie  on th e  b a s i s  o f  s p e c t r o s c o p ic  d a t a .  

Thus th e  TJ*?. a b s o r p t io n  a f t e r  i s o m e r i s a t io n  o f  a  f r a c t i o n  

from  o s t r i c h  f a t  c o n s i s t i n g  m a in ly  o f  e s t e r s  i n d ic a t e d  

an  a p p r e c i a b le  E ^ m v a lu e  (273*7) a t  234m)u and a  much 

sm a ille r  v a lu e  (15*0 ) a t  268mp. A f te r  a l lo w in g  f o r  th e  sm a ll 

q u a n t i t i e s  o f  p o ly e th e n o id  a c id s  p r e s e n t ,  th e s e  v a lu e s  

w ere 121*8 and 0*5 r e s p e c t i v e l y .  The fo rm e r  v a lu e ,  was 

ta k e n  to  i n d i c a t e  th e  p re s e n c e  o f  h e x a d e c a d ie n o ie  a c id  

(12*1$) i n  th e  f r a c t i o n .  B ro m in a tio n  o f  t h i s  f r a c t i o n  

how ever gave a  w h ite  powder m .p t .  176~179°C w hioh was



i n s o l u b le  i n  l i g h t  p e tro le u m  and a p p e a re d  to  be  hexabrom o- 

p a lm i t i c  a c id  (Found B r 6 6 .0 $  c a l c u l a t e d  f o r  0x6H2O°2B r6 s 

6 5 * 7$ )• The sm a ll am ounts o f  h e x a d e c a d ie n o ie  a c id s  

r e p o r t e d  i n  th e s e  a n a ly s e s  g io u ld  th u s  be re g a rd e d  a s  an 

u n i d e n t i f i e d  m ix tu re  o f  u n s a tu r a te d  CL a c id s .  C lem ent
JLO

and M eara (1951 ) h av e  a l s o  r e p o r t e d  th e  p re s e n c e  o f  

h e x a d e c a d ie n o ie  and h e x a d e c a t r ie n o io  a c id s  i n  r a b b i t  f a t  

s o l e l y  on th e  b a s i s  o f  s p e c t r o s c o p ic  a n a ly s is *  H ex ad eo ad ien  

o i c  a c id  h a s  a ls o  been  o b se rv e d  i n  th e  seed  f a t  o f  A cac ia  

g ir a f f a e  ( H a r r is o n  and Hawke 1952) -  i n  t h i s  c a se  i t s  

p re s e n c e  i s  b a se d  on th e  r e s u l t s  o f  an. o x id a t io n  p ro c e d u re . 

U n satu rated  C-̂ g a c i d s ;  As h a s  b een  n o te d  p r e v io u s ly  th e  

i d e n t i t y  o f  o c ta d e c a  d i - a n d - t r i e n o i c  a c id s  i n  a n im a l f a t s  

w i th  l i n o l e i c  and l i n o l e n i c  a c id s  h a s  n o t  y e t  been  

d e m o n s tr a te d ,  a lth o u g h  th e  f a t  o f  C. p o ro su s  d id  seem to  

c o n ta in  p o ly e th e n o id  a c id s  m a in ly  o f  t h i s  s t r u c t u r e .

In  th e  c a s e  o f  th e  o s t r i c h  f a t  th e  s t r u c t u r e  o f  th e s e  a c id s  

i s  n o t  so c e r t a i n  f o r  th e  fo l lo w in g  r e a s o n s ; -

i )  H erb and R iem ensehneider (1952) h av e  s u g g e s te d  t h a t  

rep lacem en t o f  th e  71$ p o ta s s iu m  h y d r o x id e /g ly c o l  s o l u t io n  

a s  th e  i s o m e r i s a t i o n  r e a g e n t  by a  21$ s o l u t i o n  g iv in g  l a r g e r  

c o n s ta n ts  s h o u ld  i n c r e a s e  th e  s e n s i t i v i t y  o f  th e  p ro c e d u re  

f o r  a l l  th e  p o ly u n s a tu r a te d  a c id s  e x c e p t  l i n o l e i c  a c id  

f o r  w h ich  th e  s e n s i t i v i t y  i s  u n ch an g ed . U sing  t h i s  m ethod



t h e r e f o r e  , i f  th e  un .sa ,tu ratec i C-̂ g a c id s  a r e  m a in ly  l i n o l e i c  

and l i n o l e n i c  a c i d s ,  a  s l i g h t  i n c r e a s e  in  th e  a b s o r p t io n  

a t  268mju due to  l i n o l e n i c  and no change i n  th e  v a lu e  a t  

234mja f o r  l i n o l e i c  a c id  w ould be i n d i c a t e d ,  A s u i t a b l e  

f r a c t i o n  from  o s t r i c h  f a t  was exam ined i n  t h i s  way i . e .  

u s in g  a ...21 $  r e a g e n t .  The r e s u l t s  d i f f e r e d  from  th o s e  

o b ta in e d  by  th e  s ta n d a rd  p ro c e d u re  a s  shown i n  T ab le  ? ,

T a b le  7 -  I s o m e r i s a t io n  o f  C^g p o ly e th e n o id  a c id s  

V a lu e s  a r e  $  w t. o f  f r a c t io n *

S ly  c o l  O ctadeoa- 
I te a g s n t  t r i e n o i c  

$  A c id

O c ta d e c a -
d ie n o ic

A cid

O e ta d e e -
e n o ic

A cid
T o ta l

n
21

15.2

1 0 .6

5 5 .7

5 9 .0

2 7 .5

3 4 .7

98.2

1 0 4 .3

T h ese  d i s c r e p a n c i e s  s u g g e s t  t h a t  th e  f r a c t i o n  d o e s  n o t  

c o n s i s t  o n ly  o f  t h e  a l l  c i s  fo rm s .

i i )  B ro m in a tio n  o f  a  f r a c t i o n  r i c h  i n  C18 u n s a tu r a te d  a c id s  

'(M a rld e y  1947) showed th e  p re s e n c e  o f  l i n o l e i c  a c id  ( 22$)  

and l i n o l e n i c  a c id  (9$ ) w h i l s t  a l k a l i  i s o m e r i s a t i o n  gave 

v a lu e s  o f  4 6 .4  and 10*8$ f o r  o c ta d e c a d i - a n d - t r i e n o i e a c i d s  

r e s p e c t i v e l y .  The l a r g e  d i f f e r e n c e s  i n  th e  v a l u e s  f o r  

l i n o l e i c  and o e ta d e c a d ie n o ic  a c id s  i s  p ro b a b ly  s i g n i f i c a n t
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and c a s t s  f u r t h e r  d o u b t on th e  hom ogenity  o f  th e  o c tad ec& d ien  

o l e  a c i d .

H ow ever, i n  th e  c a se  o f  flam in g o  f a t ,  'b ro m in a tio n  o f  a  

f r a c t i o n  r i c h  i n  C18 p o ly e th e n o id  a c id s  i n d i c a t e s  th e  

p re s e n c e  o f  l i n o l e i c  a c id  (4 2 .7 $ )  w h i l s t  a l k a l i  i s o m e r i s a t i o n  

g iv e s  th e  v a lu e  38*3$ f o r  o c ta d e c a d ie n o ic  and 2*2$- f o r  

o o t a d e c a t r i e n o i c  a c id #  I t  h a s  been  shown t h a t  i f  th e  amount

o f  l i n o l e n i c  a c id  i s  sm a ll and th e  q u a n t i t i e s  o f  l i n o l e i c  

and  o l e i c  a c i d s  a r e  l a r g e ,  th e  e t h e r  i n s o lu b le  hexabrom o- 

s t e a r i c  a c id  may n o t  s e p a r a te  from  th e  r e a c t i o n  m ix tu re  a s  

may h a v e  h ap p en ed  i n  t h i s  c a s e . T h is  r e s u l t  seem s to  im p ly  

th e n  t h a t  th e  o c ta d e c a d ie n o ic  a c id  i s  e s s e n t i a l l y  th e  a l l  

c i s  is o m e r .

U n s a tu ra te d  a c id :  An a tte m p t  to  p re p a re  d ih y d ro x y

m y r i s t i c  a c id  from  th e  f r a c t i o n  r i c h e s t  i n  t e t r a d e c e n o ie  a c id  

g av e  a  v e ry  sm a ll  q u a n t i t y  o f  a  p ro d u c t  m .p t .  118~119°C . 

U n f o r tu n a te ly  th e r e  was n o t  enough m a te r i a l  f o r  f u r t h e r  

i n v e s t i g a t i o n .  A d ih y d ro x y m y r is t ic  a c id  m .p t .  1 1 8 -1 1 9 °C 

h a s  b e e n  obtg& ned from  a  t e t r a d e c e n o ic  a c id  p r e s e n t  i n  

tsussu o i l  (T aujlm G to  1 9 2 8 ) . S h is  a c id  h a s  b een  shown to  

be 4 $5 t e t r a d e c e n o ic  a c id  [ c f .  m .p ts .  o f  9 s10 d ih y d ro x y  

m y r i s t i c  a c id s  o f  123°C and 81 .5 °C  -  A th e r to n  and H ear a  1939 3

F u r th e r  d e t a i l s  o f  a c id s  and d e r i v a t i v e s  i s o l a t e d  

can  be o b ta in e d  by c o n s u l t in g  th e  a p p e n d ix .



D is c u s s io n

She o s t r i c h  i s  r e p o r t e d  to  he th e  l a r g e s t  l i v i n g  b i r d  

and b e lo n g s  t o  th e  s u p e r  o rd e r  R a t i t a e  -  a  g roup  o f  b i r d s  

t h a t  shows m ore p r i m i t iv e  c h a r a c t e r i s t i c s  ( e s p e c i a l l y  o f  

th e  p a l a t e )  th a n  th e  r e s t  o f  th e  f a m i ly .  A ll  th e  b i r d s  i n  

t h i s  g ro u p  a r e  f l i g h t l e s s  and th e y  a r e  o f te n  l a r g e  w ith  

re d u c e d  w in g s  and s te rn u m , lo n g  le g e  and c u r ly  f e a t h e r s .

T h is  a s s o c i a t i o n  o f  f a i l u r e  to  f l y  and p r im i t iv e  c o n d i t io n  

o f  th e  p a l a t e  h a s  b een  u se d  to  s u p p o r t  th e  c o n te n t io n  t h a t  

th e s e  b i r d s  h av e  n e v e r  p a sse d  th ro u g h  a  f l y i n g  s t a g e .  More 

p ro b a b ly  th e  r a t i t e s  r e p r e s e n t  a  p o p u la t io n  t h a t  d iv e rg e d  

e a r l y  from  th e  m ain  s to c k  o f  f l y i n g  b i r d s .

The f la m in g o  b e lo n g s  to  a  d i f f e r e n t  s u b c la s s  ( le o g n a th a e )  

and i s  p la c e d  i n  th e  same o r d e r  a s  th e  s to r k  and th e  h e ro n . 

N o tw i th s ta n d in g  th e s e  l a r g e  d i f f e r e n c e s  i n  c h a r a c t e r i s t i c s ,  

c o m p a riso n  o f  th e  f a t s  o f  th e s e  two b i r d s  and o f  o t h e r  b i r d s  

show many s i m i l a r i t i e s  (T a b le  8 ) .  Some s e a b i r d  f a t s  w hich 

a r e  r a t h e r  d i f f e r e n t  i n  c o m p o s itio n  (D overn 1938) have  n o t  

been  in c lu d e d .



g a b le  8 «- Component A e ida  o f  some B ird  F a ts  (f* w t . )

A cid Grey Goose Emu
T O n n
S u ssex
Hen

O s tr ic h F lam ingo

( I o d in e  v a lu e ) 5 7 .1 6 9 .8 7 8 .5 8 0 .4 6 5 .8

I a u r i c 1 2 ,3 •m - - -

M y r i s t i c 8 ,2 0 .9 1 ,2 0 .9 -

P a lm i t ic 2 0 ,3 1 7 .5 2 4 .0 2 4 .8 2 4 .8

S t e a r i c 5 .6 1 0 .1 4 .1 5 .9 7 .7

A r a e h id ic - 0 .6 0 .4 -

l e t r a d e c e n o i e 0 .6 0 .9 am 0 .9 -

H e x ad e ce n o ic 2 .5 2 ,1 6 .7 6 .1 4 .9

O e ta d e c e n c ic 4 1 .6 6 2 .2 4 2 .5 39*8 5 3 .4

O c ta d e c a d ie n o ic 6 .6 5 .2 2 0 ,8 1 7 .1 7 .1

O c ta d e c a t r i e n o ic - - 3 .8 0 .2

H n s a tu r a te d  ^20 -22 2 .3 0 ,5 0 .7 0 .3 1 .9

f h e  v a lu e s  f o r  th e  g rey  goose and th e  emu a re  r e c o rd e d  by 

H l l d i t e h  Sime and M addison (1942) and f o r  th e  l i g h t  S u ssex  

h e n  by H l l d i t e h ,  Jo n e s  and Rhead (1934)*

I n  s e v e r a l  r e s p e c t s  th e  f i g u r e s  f o r  g re y  goose a r e  

r a t h e r  anom alous and a s  H l l d i t e h ,  Sime and M addison (1942) 

p o i n t  o u t  t h i s  may be due to  th e  p re s e n c e  o f  c o co n u t o i l  

i n  th e  d i e t ,  and c o n se q u e n tly  th e s e  f i g u r e s  a r e  n e g le c te d
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i n  m ak in g  any g e n e r a l i s a t i o n s .  F u r th e r ,  th e  v a lu e s  f o r  

th e  emu do n o t  f i t  v e ry  w e ll  i n to  a  g e n e ra l  schem e, 

a l th o u g h  t h i s  b i r d  i a  r e l a t e d  to  th e  o s t r i c h  b e in g  a  

member o f  th e  H a t i t a e .  The th r e e  a n a ly s e s  o f  th e  h e n , 

o s t r i c h  and f la m in g o  how ever a g re e  s u r p r i s i n g l y  w e ll  and 

th e  f o l lo w in g  g e n e r a l i s a t i o n s  can be m ade5-

1 )  S a tu r a t e d  a c i d s  a cc o u n t f o r  29-32$  o f  th e  t o t a l  -

a  f i g u r e  w hich  i s  re m a rk a b ly  c o n s ta n t  i n  th e  f o u r  a n a ly s e s  

f o r  th e  emu, h e n ,  o s t r i c h  and flam in g o  i n  v iew  o f  t h e i r  

d i f f e r e n t

2) The c o n te n t  o f  p a lm i t i c  a c id  i s  a l s o  c o n s ta n t  a t  a b o u t 

2 4 -2 5 $  ( e x c e p t  i n  th e  c a se  o f  th e  emu) and i s  s l i g h t l y  below  

th e  v a lu e  c f  3 0 -3 $  (m ol#) s a id  to  be c h a r a c t e r i s t i c  o f  

h ig h e r  la n d  a n im a ls  (B anks and H i l i i t c h  19315 H i l d i t c h  and 

L o n g e n e c k e r 1937)*

3) The lo w e r  v a lu e s  f o r  s t e a r i c  a c id  p a r a l l e l  th o s e  n o te d  

f o r  r e p t i l e s ,  a m p h ib ian s  and r o d e n ts  and a r e  i n  m arked 

c o n t r a s t  to  th e  g r e a t e r  v a lu e s  o f  many la n d  an im als*  The 

r e s u l t s  f o r  th e  emu a r e  a g a in  anom alous*

4 ) U n s a tu ra te d  C-^ a c id s  a t t a i n  a  v a lu e  (4 -7 $ )  w hich  r e c u r s  

f r e q u e n t l y  i n  b i r d  and ro d e n t  f a t s .

5) U n s a tu ra te d  C18 a c id s  a r e  a l s o  s u r p r i s i n g l y  c o n s ta n t  and 

once  a g a in  w i th  th e  e x c e p tio n  o f  th e  emu, co m p rise  a b o u t

62$ o f  th e  t o t a l  a c i d s  o f  b i r d  f a t s .  F u rth e rm o re  th e  

u n s a t u r a t i o n  o f  th e s e  f a t s  seem to  be l a r g e l y  c o n t r o l l e d  by



th e  r e l a t i v e  am ounts o f  th e  v a r io u s  Cnr, u n s a tu r a te d  a c i d s ,18
an i n c r e a s e  i n  I.V# b e in g  accom panied  by an in c r e a s e  i n  

p o ly e th e n o id  a c id s  and a  d e c re a s e  i n  th e  o l e i c  a c id  c o n te n t .  

T hus, th e  low  I*Y . flam in g o  f a t  c o n ta in s  a  c o n s id e r a b le  

q u a n t ity  o f  o l e i c  a c id  and th e  h ig h e r  I*V . o s t r i c h  f a t  l e s s  

o l e i c  a c id  and m ore p o ly e th e n o id  a c id s*  The in te r m e d ia te  

I*?# hen f a t  a l s o  s u p p o r ts  t h i s  c o n te n t io n .  W in te r and Nunn 

(1 9 5 3 ) h av e  r e p o r t e d  s i m i l a r  o b s e r v a t io n s  i n  th e  G£q a c id s  

o f  s e a l  o i l s *

6 ) There a re  sm a ll but d e f i n i t e  amounts o f  ^20-22  

u n sa tu r a te d  a c id s  p r e se n t  in  each c a s e ,  c o n tr a s t in g  w ith  the  

s l i g h t l y  h ig h e r  v a lu e s  record ed  fo r  am phibians and r e p t i l e s  

(o f*  T ab le  6 ) .

A fu r th e r  more g e n e r a l d is c u s s io n  o f  b ir d  f a t s  i s  

g iv e n  i n  th e  c o n c lu s io n  to F a rt I  o f  t h i s  study*
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 Manse and P o rc u p in e  F a ts

I n t r o d u c t io n

The d e t a i l e d  s tu d y  o f  the  com ponent a c id s  o f  r o d e n t  

d e p o t f a t a  i s  a lm o s t  e n t i r e l y  c o n fin e d  to  th o s e  o f  one 

s p e c i e s  -  th e  w h ite  r a t  'which i s  em ployed e x te n s iv e ly  i n  

th e  b i o l o g i c a l  e v a lu a t io n  o f  v i ta m in s  A and D. T h is  

c ir c u m s ta n c e  a c c o u n ts  f o r  th e  c o m p a ra tiv e ly  l a r g e  am ount 

o f  w ork w h ich  h a s  been  c a r r i e d  o u t  on th e  f a t s  o f  t h i s  

a n im a l |  p a r t i c u l a r l y  c o n c e rn in g  th e  e f f e c t  o f  d i e t  on th e  

c o m p o s it io n  o f  th e  d e p o t f a t  ( s e e  H i ld i t e h  1 9 4 7 e ).

However two a n a ly s e s  o f  r a b b i t  f a t  (S h o rla n d  1953? C lem ent 

and Meara 1951) and one o f  g u in e a  p ig  f a t  (B aldw in  and 

hon gen eek er  1 9 4 4 ) p ro v id e  f u r t h e r  d a t a  f o r  a  su rv e y  o f  th e  

fa t©  o f  r o d e n t s .  A few  i n v e s t i g a t i o n s  o f  r a b b i t  f a t  had  

been  c o m p le te d  b e fo re  th e s e  d e t a i l e d  a n a ly s e s ,  and  a l th o u g h  

o n ly  th e  I .V .  and  o t h e r  co n stan t©  w ere r e c o r d e d ,  th e  f i g u r e s  

o b ta in e d  w ere i n t e r e s t i n g  i n  t h a t  th e y  show a  c o n s id e r a b le  

d i f f e r e n c e  i n  u n sa tu r a t io n  betw een th e  fa t©  o b ta in ed  from 

th e  w ild  and tame anim als* A ll  th e  a v a i la b le  d a ta  are

c o l l e c t e d  in  T ab le 9*



T ab le 9 -  U n s a th r a t io n  o f  W ild and Tame R a b b its

W ild  B a b b it Tam© R a b b it

I.V * O b se rv e r I .V . O b se rv e r

9 9 .8

1 4 9 .6

124

Amthor and Z ink (1897) 

S h o r la n d  (1953) 

V ic k e ry  -  a s  r e p o r te d  

by  H i l d i t c h  1 9 4 ? f .

72*3

66*3

6 7 .6

76*9

C lem ent and M eara (1951)
11 w H »

Amthor and S ink  (1897) 

P r e s e n t  work

Mouse and p o rc u p in e  f a t s  do n o t  a p p e a r  to  have  b een  

exam ined  p r e v io u s ly .

O rig in  and P r e p a r a t io n  o f  th e  F a ts
iJhuiiMWMaMwaillwiuiMWiwii'iiMwii n iMin a n rw MrifnrniiBiMwiw.il n M M U jia n m iiMMBi

The r a b b i t  f a t  came iffrom th e  abdomen o f  a  medium s i z e  

a lb in o  r e x  fe m a le  r a b b i t  (Lepua c u n ic u iu s ) whose d i e t

c o n s i s t e d  m a in ly  o f  b r a n f d r ie d  g r a s s  and s i m i l a r  v e g e ta b le

m a t e r i a l  ( a l th o u g h  a b o u t 8$ o f  l i n s e e d  cafe® was in c lu d e d ) .

She sam ple  o f  mouse f a t  came from  th e  abdom inal d e p o s i t s

o f  a b o u t  80 a i im e l s  o f  b o th  s e x e s  o f  a  s t r a i n  s e l e c te d  f o r

l a r g e  siz®  (Mus mug c u iu s )« The d i e t  c o n s i s te d  o f  a

v a r i a n t  o f  th e  A berdeen  H at Cake ( c o n ta in in g  5$ w h ite  f i s h

m eal and  1$  cod l i v e r  o i l ) . She p o rc u p in e  f a t  was

p ro c u re d  from  th e  k id n ey *  lu n g s ,  h e a r t ,  s p le e n  and stom ach

w a ll  o f  a  fem a le  c r e s t e d  p o rc u p in e  ( H y s tr ix  c r i e t a t a )

w hich  h a d  b een  l i v i n g  i n  M an ch este r Zoo. The f a t s  wer®

t r e a t e d  and e x t r a c t e d  i n  th e  u s u a l  way• I t  was found



44

t h a t  some o f  "tii© f a t s  d e t e r i o r a t e d  on s ta n d in g ;  t h i s  was 

p a r t i c u l a r l y  n o t i c e a b l e  i n  th e  c a se  o f  th e  r a b b i t  f a t  -  

th e  o r i g i n a l  I .V .  o f  th e  f a t  on E x tr a c t io n  w as 8 9 .2 .  

N e v e r th e le s s  i t  was f e l t  t h a t  an  a n a ly s i s  would s t i l l  g iv e  

f ig u re ®  o f  c o n s id e r a b le  c o m p a ra tiv e  v a lu e .

The c h a r a c t e r i s t i c s  o f  th e  f a t s  from  th e s e  a n im a ls ,  

t o g e t h e r  w ith  th e  a n a l y t i c a l  r e s u l t s  and d e r i v a t i v e s  i s o l a t e d  

a r e  g iv e n  i n  th e  a p p e n d ix  ( p a g e lO l ) .

D is c u s s io n

The a n im a ls  commonly known a s  r o d e n ts  a r e  c e r t a i n l y  th e  

m o s t s u c c e s s f u l  o f  m odern mammals -  th e y  l i v e  i n  a l l  p a r t s  

o f  th e  w o rld  and n e a r l y  th r e e  th o u sa n d  s p e c ie s  a r e  known, 

a s  many a s  i n  a l l  th e  o th e r  mammalian o r d e r s  p u t  t o g e t h e r .

I n  s p i t e  o f  th e  s i m i l a r i t i e s  o f  a l l  a n im a ls  w ith  gnaw ing 

t e e t h f z o o l o g i s t s  c o n s id e r  t h a t  th e  r a b b i t s  and h a r e s  a r e  

n o t  v e ry  c l o s e l y  r e l a t e d  to  th e  o th e r s  and a re  t h e r e f o r e  

p la c e d  i n  a  d i s t i n c t  o r d e r ,  L agpm orphia  (D u p l i c id e n ta ta ) ,  

t h e  o r d e r  H o d e n tia  b e in g  r e t a i n e d  f o r  a l l  o t h e r  1r o d e n t s * .

The two o r d e r s  a r e  p la c e d  to g e th e r  i n  an  i s o l a t e d  c o h o r t  

d i r e  s .

The o r d e r  R o d e n tia  i s  f u r t h e r  su b d iv id e d  in to  t h r e e  

s u b - o r d e r s  one o f  w hich  (Myomorpha) in c lu d e s  th e  f a m ily  

M u rid ae  w hich  i s  co m p rised  o f  r a t s  and m ice  and a n o th e r  

s u b - o r d e r  (H y s tr ic o m o rp h a ) c o n ta in s  th e  f a m ily  H y s t r ic id a e



w hich  in c lu d e s  th e  p o rc u p in e  and th e  O a v iid a e  w hich em braces 

th e  g u in e a  p i g .  T h u s, i t  i s  e v id e n t  t h a t  z o o lo g i c a l ly ,  

th e  r a b b i t  m ust be  c o n s id e re d  a s  somewhat d i f f e r e n t  from  

o th e r  ’ r o d e n t s * , b e in g  i n  a  d i f f e r e n t  o r d e r ,  and t h a t  m ice  

and rat®  a r e  in  a  d i f f e r e n t  sub order from th e  p o rc u p in e  

and g u in ea  p ig*

Hov/ever th e s e  z o o lo g ic a l  d i f f e r e n c e s  are n o t  m a n ife s te d  

i n  th e  f a t  a n a ly s e s  a s  r e fe r e n c e  to  Table 10 w i l l  show.



T a b le  IQ — Component A c id s  o f  R a b b it and R odent F a ts  w t . )

A cid

( I o d in e
V a lu e )

L a u r ie

M y r i s t i c

P a lm i t i c

S t e a r i c

A ra c h id ie

T e t r a d e o -  
e n o ic  

H exadee- 
e n o ie  

R exadecad- 
i e n o i c  

Q c ta d e e -  
e n o ic  

O ctadecad - 
ie n o i©  

O c ta d e e a -  
t r i e n o i e

*2 0 -2 2
a c i d s

E a t ' P ig B a b b it
11 i n  «i",m iUMaUm Mouse

m ale  fe m a le  (L) ( i i )  ( i )  ( i i )  ( i i i )  ( iv )

P o rcu 
p in e

1 *6 1.8  

21.6 24.4

3 .6  3 .6

2 . 0  0 . 8

0 .3

4 .1  4 .8

5 1 .9  4 4 .3

1 3 .0  1 8 .6

2 .2  1 .4

-  1.1

3 .7  5 .3

2 2 .1  19*4

7 .3  5 .7

0 .4  0 .8

1 .7  2 .1

3 4 .2  3 6 .2

1 3 .4  1 8 .8

2 . 0  1 . 2

9 .6  9 .4

7 2 .3  6 6 .3  149L6 7 6 .9  
0 .4  2 .4  — —

5 .5  3 .3  1 .6  2 .6

3 0 .5  2 9 .0  2 2 .1  2 5 .1

5 .0  4 .0  6 .4  5 .6

0 .8  0 . 4

1 .5  0 .4  2 .2

5 .4  6 .6  4 .4  6 .0

0 .5  0 .3  -

3 1 .9  3 6 .7  1 2 .7  2 6 .5

1 6 .3  1 1 .B 7 .9  2 6 .0

3 .1  2 .0  4 2 .4  5 .6

1 .4  1 .9  1 .3  -

0 . 2

!6 .7

2 .6

5 .6

3 5 .6

2 6 .2

1 .9

1.0

5 .2

3 6 .3

1 1 .7

1 .5

3 .6  

0 .5

2 7 .1

1 3 .6

0 .5

*  mol*

R e fe re n c e s*  E a t  (L o n g en eck er 1939)

G uinea  P ig  (B aldw in  and L o n g en eck er 1944) 

R a b b it  (1 ) and ( i i )  (C lem en t and M eara 1951) 

R a b b it  ( i i i )  (S h o r la n d  1953)

The o t h e r  r e s u l t s  a re  from  th e  p r e s e n t  w ork .



The a n a l y s i s . o f  th e  g u in e a  p ig  f a t  was c a r r i e d  o u t  on two 

g ro u p s  o f  a n im a ls  w hich had  been  f e d  known d i e t s  ( c o n ta in in g  

28*6$ b u t t  e r f  a t )  on a  p a i r e d  f e e d in g  e x p e rim e n t f o r  s e v e r a l  

w eeks b e f o r e  d e a th *  The f i r s t  group  had r e c e iv e d  o n ly  

a  sco  rb u  to  g e n ie  d i e t  and w ere i n  th e  l a s t  s ta g e s  o f  sc u rv y  

a t  th e  tim e  o f  d e a th *  The o th e r  g roup  w ere a llo w e d  to  

consume no © ore o f  th e  d i e t  th a n  t h e i r  p a i r e d  f e l lo w s  i n  

i n  th e  f i r s t  g ro u p , b u t  th e  d i e t  o f  th e  second  was 

su p p le m e n te d  w ith  a s c o r b ic  ac id *  Ho i n d i c a t i o n s  o f  

sc u rv y  w ere  p r e s e n t  i n  th e  l a t t e r  a n im a ls  b u t th e  f i r s t  

s t a g e s  o f  i n a n a t i o n  had  become a p p a re n t*  These r e s u l t s  f o r  

th e  g u in e a  p i g  sh o u ld  th u s  be t r e a t e d  w i th  c a u t io n  a s  th e  

d i e t  c o n ta in in g  b u t t e r f a t ,  and th e  in a n a t io n  o f  th e  a n im a ls  

m ig h t h a v e  l e d  to  some d i f f e r e n c e s  i n  th e  f a t t y  a c id  

c o m p o s it io n  e . g .  a  d e c re a s e  i n  th e  p a lm i t i c  a c id  c o n te n t  

( o f .  H olm berg  1954)*

N e v e r th e le s s  th e  fo l lo w in g  p o in t s  a r e  w orthy  o f  no t e  s-

1 ) The a n a l y s i s  o f  th e  p o rc u p in e  f a t  shows a  v e ry  u n u su a l 

p r o p o r t io n  o f  s a t u r a t e d  a c id s  (53$) and  i t s  h ig h  c o n te n t  o f  

p a l m i t i c  a c id  i s  a ls o  e x c e p t io n a l .

2) N e a r ly  a l l  th e s e  a n im a ls  show a  f i g u r e  f o r  h e x a d e c e n o ic  

a c id  o f  a b o u t 4 -7 $  -  a  q u a n t i t y  w hich seem s to  b e  

c h a r a c t e r i s t i c  o f  b i r d  and ro d e n t  f a t s  ( c f . page 4̂  ) and 

com pares w i th  th e  s l i g h t l y  h ig h e r  v a lu e s  o b se rv e d  i n  r e p t i l e s  

and  th e  s t i l l  h ig h e r  v a lu e s  o f  th e  m a rin e  s p e c ie s .



3) The c o n te n t  o f  p a lm i t i c  a c id  i s  on a v e ra g e  s l i g h t l y  below  

t h a t  c h a r a c t e r i s t i c  o f  th e  l a r g e r  la n d  a n im a ls  ( i# e#
‘4*

30—3$ m o l# ) ,  a lth o u g h  two o f  th e  r a b b i t  a n a ly s e s  a r e  w i th in  

t h i s  r a n g e ,  and th e  p o rc u p in e  f a t  i s  o u tw ith  th e  u p p e r  l i m i t  

o f  3 3$ .

4) The c o n te n t s  o f  s t e a r i c  a c id  a r e  p a r a l l e l  to  th o s e  n o te d  

f o r  th e  b i r d s  and th e  r e p t i l e s  and a r e  i n  m arked c o n t r a s t

to  t h e ' s t e a r i c - r i c h  ’ f a t  o f  t h e ’higher* , a n im a ls .

5) I n  co m p arin g  th e  r e s u l t s  f o r  th e  r a b b i t  f a t s ,  th e  p r e s e n t  

v a lu e s  seem to  be in te r m e d ia te  be tw een  th o s e  o b ta in e d  f o r

th e  w ild  r a b b i t  by S h o rla n d  (1953) and th o s e  o f  th e  

c h i n c h i l l a  r a b b i t  by C lem ent and M eara (1 9 5 1 ) . The 

u n s a t u r a t e d  a c id s  a r e  p r e s e n t  i n  g r e a t e r  q u a n t i t i e s  and 

a r e  m ore h ig h ly  u n s a tu r a te d  i n  th e  f a t  o f  th e  w ild  r a b b i t  

a t  th e  ex p en se  o f  th e  s a t u r a t e d  a c id s  ( th e  c o n te n ts  o f  th e  

o t h e r  u n s a t u r a t e d  a c id s  b e in g  much th e  sam e). The 

u n u s u a l ly  h ig h  q u a n t i t y  o f  l i n o l e n i c  a c id  o b se rv e d  i n  th e  

f a t  o f  th e  w ild  r a b b i t  seemed to  be due to  th e  d i e t  o f  

p a s t u r e  g r a s s  -  th e  f a t  o f  w hich c o n ta in s  a  h ig h  q u a n t i t y  o f  

l i n o l e n i c  a c id #  T h is  s u g g e s ts  t h a t  th e  d e p o t f a t s  o f  r o d e n ts  

a r e  c o n s id e r a b ly  e f f e c t e d  by t h e i r  d i e t .  I t  i s  i n t e r e s t i n g  

to  n o te  t h a t  a  h o r s e  f e d  on th e  same p a s tu r e  d id  n o t  show 

q u i t e  su c h  a  h ig h  q u a n t i t y  o f  l i n o l e n i c  a c id  i n  i t s  f a t ,  

a l th o u g h  t h i s  was g r e a t e r  th a n  when fe d  on o th e r  d i e t s  

(S h o r la n d  1 9 5 3 ) . Thus th e  d i e t  o f  th e  r a b b i t  g iv in g  th e



m o st s a t u r a t e d  f a t  ( th e  c h i n c h i l l a  r a b b i t )  c o n s i s t e d  o f  

r a t  c ak e  o f  low  f a t  c o n te n t  (5 .6 $ )  w h i l s t  th e  r a b b i t  i n  

t h i s  c a s e  w as fe d  on a  d i e t  c o n ta in in g  much m ore f a t  

( i n c l u d in g  8$  l i n s e e d  c ak e ) and g iv e s  a c c o rd in g ly  a  m ore 

u n s a t u r a t e d  f a t  w ith  a  h ig h e r  c o n te n t  o f  l i n o l e i e  and 

l i n o l e n i c  a c id s *  The d i f f e r e n t  p a lm i t i c  a c id  c o n te n ts  

o f  t h e  r a b b i t  f a t s  a l s o  s u p p o r t  th e  c o n te n t io n  t h a t  th e  

m ore u n s a tu r a t e d  f a t s  c o n ta in  m ore in g e s te d  u n s a tu r a te d  

a c i d s , s in c e  i t  i s  n a tu r a l  t h a t  th e  p r o p o r t io n s  o f  

p a l m i t i c  a c id  s h o u ld  b e  re d u c e d  when m ore u n s a tu r a te d  

fa t©  c o n ta in in g  l e s s  p a lm i t ic  a c id  a r e  d e p o s i te d  i n  th e  

d e p o ts .  T hese f a c t s  p ro b a b ly  e x p la in  th e  d i s c r e p a n c i e s  

a p p a r e n t  i n  T a b le  9 i n  th e  f a t s  o f  w ild  and tam e r a b b i t s  -  

t h e  a n im a l i n  i t s  n a t u r a l  s t a t e  consum ing exogenous f a t  

o f  a  h i g h e r  u n s a t u r a t i o n .  I t  a p p e a rs  p o s s ib l e  th e n  t h a t  

th e  r e s u l t s  f o r  th e  c h i n c h i l l a  r s b b i t  a r e  th o s e  m ost 

r e p r e s e n t a t i v e  o f  t h e  e s s e n t i a l  f a t  o f  th e  a n im a l and th e s e  

in d e e d  seem to  f i t  b e t t e r  i n to  th e  g e n e r a l  schem e, i n  w hich  

I t  i s  p o s t u l a t e d  t h a t  th e  f a t s  o f  r o d e n ts  ©re s i m i l a r  to  

th o s e  o f  b ird ©  i n  b e in g  in te r m e d ia te  b tw een  th e  f a t s  o f  

l a n d  and  m a rin e  a n im a ls ,  b u t  a r e  c lo s e r  to  th e  la n d  an im a l 

ty p e  o f  f a t  th a n  t h a t  o f  th e  am p h ib ian  and r e p t i l e  e l a s s .



A n a ly s t8 o f  A n te lo p e  F a t
I W W W i  m m i . t f  I n . ii i n  w « im ni* r w ; n u m i k i r

I n t r o d u c t io n
wim n m . -«win i» '<n i i i inw ii

The a n te lo p e  b e lo n g s  to  th e  group o f  a n im a ls  known a s  

ru m in a n ts*  T hese  a n im a ls  p o s s e s s  a  d i g e s t i v e  sy stem  w hich  

e n a b le s  them  to  c o n v e r t  th e  c e l l u l o s e  i n  t h e i r  fo o d  in to  

o r g a n ic  a c i d s  w hich  a r e  a b so rb e d  i n  th e  c i r c u l a t i o n ,  

p re su m a b ly  fo rm in g  d e p o t f a t .  A n te lo p e  f a t  d o es n o t  

a p p e a r  to  h av e  b e e n  exam ined p r e v i o u s ly ,  a lth o u g h  t h e r e  

h a v e  b e en  a n a ly s e s  o f  some o f  th e  r e l a t e d  a n im a ls  i n c lu d in g  

a  r e l a t i v e l y  l a r g e  num ber on th e  m ore common a n im a ls  o f  

t h i s  g ro u p , su c h  a s  p i g s ,  sheep  and c a t t l e  ( s e e  T a b le  1 1 ) .  

O r ig in  and P r e p a r a t i o n  o f  th e  F a t

T h is  sam ple  o f  f a t  was o b ta in e d  from  th e  abdomen o f  a  

H a rn e s se d  a n te lo p e  (T ra g e lo p h u s  s c r i p t u s ) , w hich  had  b e en  

k e p t  i n  c a p t i v i t y  i n  E d in b u rg h  2oo . The an im al was 

r e p o r t e d  to  h av e  been  fe d  on a  d i e t  o f  m a iz e , g re e n  v e g e ta b le ©  

and c a r r o t s ,  d e a th  b e in g  c au sed  by c o n g e s t io n  o f  th e  lu n g s*

The f a t  was t r e a t e d  and e x t r a c t e d  i n  th e  u s u a l  way g iv in g  a  

p a le  y e l lo w is h  brow n s e m i- s o l id  f a t  S*E* 281 * 0 , I.V *  83*6 

and F .F .A . ( a s  o l e i c )  10*3* The f a t  had  r a t h e r  an  

o b j e c t i o n a b le  o d o u r p ro b a b ly  due to  th e  r e l a t i v e l y  h ig h  

c o n te n t  o f  f r e e  f a t t y  a c id *

The a n a l y s i s  was c a r r i e d  o u t  i n  th e  u s u a l  way, th e  

r e s u l t s  and l i s t  o f  a c id s  and d e r i v a t i v e s  s e p a r a te d  b e in g
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r e c o r d e d  i n  th e  A ppend ix  ( p a g e l i s ) .

One o f  th e  A f r a c t i o n s  r i c h e s t  i n  o c ta d e e e n o ic  a c id  

was exam ined  by m eans o f  i n f r a  r e d  s p e c tro s c o p y  to  a s c e r t a i n  

th e  am ount o f  tr& n s  a c id s  p r e s e n t  i n  th e  sam ple  (K n ig h t, 

H e e th e r ,  S h rev e  and Swern 1950)*  On m e a su r in g  th e  

a b s o r p t io n  a t  1 0 *36ji i t  was fo u n d  t h a t  n e g l i g i b l e  q u a n t i t i e s  

( i f  an y ) o f  t r a n s  a c i d s  w ere p r e s e n t  ( f o r  s i g n i f i c a n c e  o f  

th e s e  r e s u l t s  se e  d i s c u s s i o n  b e lo w )*

M s c u s s io h

fh e  a n te lo p e s  b e lo n g  to  th e  f a m ily  A n ti lo c a p r i& a e s  

o t h e r  f a m i l i e s  i n  t h i s  g roup  o f  t h e  K u m in sn tia  in c lu d e  th e  

C e rv id a e  ( d e e r )  arid th e  B o rid a e  (g h e e p , c a t t l e  and g o a t s ) :  

c lo s e l y  a s s o c i a t e d  w ith  t h e  ru m in a n ts  a r e  th e  S u ifo rm e s  

( p ig s  and  h ip p o p o ta m i! )  and th e  S y lo p o d a  (cam els)*

I t  h a s  b een  s u g g e s te d  'th a t  th e  c o m p o s itio n  o f  th e  d e p o t 

f a t s  o f  ru m in a n ts  i s  n o t  e f f e c t e d  by th e  d i e t a r y  f a t  to  any 

c o n s id e r a b le  e x te n t  (S h o r la n d  1 9 5 3 ) . Thus th e  m ain  d i e t a r y  

f a t t y  a c id  c o n s t i t u e n t  o f  p a s tu r e  f e d  a n im a ls  -  l i n o l e n i c  

a c i d >a l th o u g h  p r e s e n t  i n  th e  f a t s  o f  n o n - ru m in a n ts  (e*g# 

r a b b i t  and h o rs e )  i n  a p p r e c ia b le  q u a n t i t y ,  a p p e a r s  o n ly  i n  

t r a c e s  i n  th e  d e p o t f a t s  o f  r u m in a n ts .  I t  h a s  b e en  p o s t u l a t e d  

t h a t  t h i s  can  be a t t r i b u t e d  to  m o d i f i c a t io n  o f  th e  d i e t a r y  

f a t  i n  th e  rumen* In d e e d  r e c e n t  work ( J o h n s , S h o r la n d  and 

W eenink 1955) h a s  shown t h a t  th e  rum en f u n c t io n s  a s  a 

p o w e rfu l h y d ro g e n a tin g  medium and l i n o l e n i c ,  l i n o l e i c  and



o l e i c  a c id s  -are  r e a d i l y  c o n v e r te d  to  th e  m ono-ene and 

th e  f u l l y  S a tu r a te d  s t e a r i c  a c id .  I t  h a s  a ls o  b e e n  

d e m o n s tra te d  t h a t  th e  f a t s  o f  p a s tu r e  f e d  ru m in a n ts  c o n ta in  

t r a n s  a c i d s  (H artraan , S h o rla n d  and McDonald 1954)*  I t  i s  

w e l l  known t h a t  th e  h y d ro g e n a t io n  o f  u n s a tu r a te d  f a t t y  a c id s  

i s  acco m p an ied  by th e  fo rm a t io n  o f  t r a n s  i s o m e r s ,  and i t  was 

t h e r e f o r e  s u g g e s te d  by H artm an e t  &1, t h a t  t h i s  p ro c e s s  i© 

r e s p o n s i b l e  f o r  t h e i r  fo rm a t io n  in  ru m in a n ts .  T h is  specim en  

o f  a n te lo p e  f a t  how ever d o e s  n o t  a p p e a r  to  c o n ta in  

d e t e c t a b l e  q u a n t i t i e s  o f  t r a n s  a c id s *  T h is  f a c t  a l s o  

a c c o rd s  w ith  th e  g e n e r a l  o b s e r v a t io n  t h a t  a n te lo p e  f a t  

seem s to  b© c o n s id e r a b ly  d i f f e r e n t  i n  th e  q u a n t i t a t i v e  

d i s t r i b u t i o n  o f  th e  f a t t y  a c id s  from  o t h e r  ru m in a n ts  and 

r e l a t e d  a n im a ls  ( se e  T a b le  1 1 ) .



I1 a b le  I I  — D epot F a t s  o f  Ruxainants and R e la te d  A nim als ($  w t . )

<— »»*. i .  ni n ~  ~m~ mir ~r -r~ i • tn  hu»i

A cid
D eer

Sheep Ox

•»e ium, *tyn

Camel P ig Hippo* in te lc p e( i ) ( i i )

M y r i s t i c 4*4 5.2 4 .8 3 .0 6.3 1 .3 2.3 2 .8
P a l m i t i c 25.1 35.9 25.0 29.2 28.8 28.3 27.1 20.6
S t e a r i c 35.4 29.6 o  ot ~ L .  *  « „ 2.1,0 -21 A 11.3 22.2 3 .8
A r a c h id ie 1 .5 2.9 0 .7 0.4 1 .6 - 1.1 0 .4
$ e tra d e e @ n o ic 0 ,5 0 ,2 0 ,5 0 ,6 0.5 0 , 4 0,4

H ex ad eo en o ic 2*8 2.2 1 .7 2.7 3.2 2.7 2.2 S . ?

O o ta d e c e n o ic 25.2 17.0 44,2 41.1 26.4 47.5 39.3 40.4
O o ta d e c a d ie n o ic 2.6 1 .2 1 ,8 •1.9 6.0 3,5 19.2

O c ta d e c a t r i e n o ic 2*5 1 .0 ■0.9 *+ 1.5 3.7

C2 0 -2 2  a c i d s • * 4 .8 0.9 r »  o  
>•' ,  £ .

» 'Z  A  
.

t i

2 .0 0 .4

R eferen ce® ! D eer ( i )  and eaxnel ( Guns to n e  and P a to n  1953a) 

D eer ( i i )  and cheep  (S h o r la n d  1953)

Ox ( H i l d i t c h  and L o n g en eck er 1937)

P ig  ( H i l d i t d h ,  L ea  and P e d e l ty  1939) 

H ippopotam us (B a rk e r  and H i l d i t c h  1950) 

A n te lo p e  ( p r e s e n t  w o rk ) .



I n  t a b l e  11 i t  w i l l  be  s e e n  t h a t  w ith  th e  e x c e p t io n  o f  

a n te lo p e  f a t ,  a l l  th e  r e s u l t s  a r e  c o n s id e r a b ly  d i f f e r e n t  

from th o s e  o b ta in e d  so f a r  in  t h i s  s tu d y .  T h is  i s  so 

p a r t i c u l a r l y  i n  th e  c o n te n t  o f  s t e a r i c  a c id .  P a lm i t i c  a c id  

i s ,  i n  g e n e r a l ,  w i th in  th e  r a n g e  o f  30^3$ (m o l.)  c h a r a c t e r i s t i c  

o f  l a n d  a n im a ls .  The sam ple o f  a n te lo p e  f a t  i n  a d d i t i o n  to  

i t®  v e ry  low  c o n te n t  o f  s t e a r i c  a c i d ,  d o es n o t  come n e a r  

t h i s  c h a r a c t e r i s t i c  f i g u r e .  F u rth e rm o re  i t  i s  e v id e n t  t h a t  

th e  c o n te n t  o f  h e x a d e o e n o ic  a c id  i s  s u r p r i s i n g l y  c o n s ta n t  a t  

a b o u t 2 -3 $  -  a  v a lu e  a  l i t t l e  lo w e r  th a n  h a s  b e en  found  

in  t h e  f a t s  o f  r e p t i l e s ,  b i r d s  and  r o d e n t s ,  ( o f .  page  47 ) .  

H ere  a g a in ,  th e  c o n te n t s  o f  h e x a d e o e n o ic  a c id  i n  th e  

a n te lo p e  f a t  d o e s  n o t  a g re e  w ith  t h i s  o b s e r v a t io n ,  and i n  

f a c t  t h i s  f a t ,  b u t  f o r  th e  a b se n c e  o f  ®oq„22 a n sa ’fcura'ke & 

a c id s  a p p ro a c h e s  t h a t  &f a  t y p i c a l  r e p t i l e *  T h ere  a r e  a  

few  o t h e r  c a s e s  o f  a n im a l f a t s  from  h ig h e r  la n d  a n im a ls  con

t a i n i n g  s i m i l a r  q u a n t i t i e s  o f  s t e a r i c  and h e x a d e o e n o ic  a c id s  

e*g* b a d g e r  (G u p ta , H i l d i t c h  and toeara  1 9 5 0 ) , g i a n t  panda 

and C eylon b e a r  ( H i l d i t c h ,  Birne and Mad&isor 1 9 4 2 ) .

H olm berg (1954) p o in te d  o u t  t h a t  i n  s t a r v i n g  a n im a ls  an 

i n c r e a s e  i n  th e  am ount o f  h e x a d e c e n o ix  a c id  and a  d e c re a s e  i n  

th e  p a l m i t i c  a c id  c o n te n t  was a p p a r e n t« As t h i s  specim en  

o f  a n te lo p e  f a t  shows an  u n u s u a l ly  low  p r o p o r t io n  o f  p a lm i t i c  

a c id  and  a ,h ig h  c o n te n t  o f  h e x a d e o e n o ic  a c i d ,  i t  may be 

t h a t  s t a r v a t i o n  c a u se d  th e  anom alous r e s u l t s  (no in f o r m a t io n



was a v a i l a b l e  from  th e  z o o lo g ic a l  a u t h o r i t i e s  on t h i s  

c o n j e c t u r e ) * N e v e r th e le s s  i t  i s  c l e a r  by th e  a b se n c e  o f  

t r a n s  a c i d s  and th e  v e ry  low  q u a n t i t i e s  o f  s t e a r i c  a c id  

th a t  th e  m echanism  a s  p ro p o se d  by S h o rla n d  and c o -w o rk e rs  

( l o c .  c i i * ) fo r  ru m in a n ts  d o es  n o t  f u n c t io n  i n  t h i s  case*  

T h is may b e  b e c a u se  th e  d i e t  o f  th e  a n te lo p e  i n  t h i s  

in s ta n c e  d id  n o t  c o n ta in  a f a t  w hich  i s  a s  h ig h ly  

u n sa tu r a te d  a s  in  i t s  n a tu r a l environm ent* ( i* e *  the  

anim al was n o t  p a stu r e  fe d )*  H owever, c l a r i f i c a t i o n  o f  

th e s e  d is c r e p a n c ie s  a w a its  fa r th e r  a n a ly s e s  o f  th e  f a t s  

o f  a n im a ls  in  t h i s  group*



A n a ly s is  o f  Sea L io n  0^.1

I n t r o d u c t i o n

The s e a  l i o n s  ( O ta r i i& a e ) , w a lru s e s  (O & obenidae) and 

s e a l s  (P h o c id a e )  h av e  become s  l a r g e  m arin e  o r d e r  o f  th e  

c a r n iv o r e s  ( P in n ip e d ia )  • The f a t s  o f  members o f  t h i s  o r d e r  

h a v e  b e e n  exam ined  r e l a t i v e l y  ? /e ll  and i n  p a r t i c u l a r  

e x te n s iv e  a n a ly s e s  h a v e  b e en  c a r r i e d  o u t  on th e  v a r io u s  

s p e c i e s  o f  s e a ls *  T hese a n a ly s e s  a r e  n o te d  f o r  th e  

u n e x p e c te d  v a r i a t i o n s  i n  th e  c o m p o s it io n s  o f  th e  f a t s  

(B u rke  and J a s p e r s o n  19448 H i l d i t c h  and F a th a k  1 9 4 7 , 1949 ; 

W in te r  and  Hunn 1 9 5 0 , 1953 ; C a rd in  and M eara 1953)* S e v e ra l  

l e s s  d e t a i l e d  a n a ly s e s  h ave  b een  c a r r i e d  o u t  (e*g* Ig u b a rs k y  

189S# G a n s e l ,  1926 ; B au er snd  N eth  1926 ; W ill ia m s  and 

M akhrov 1 9 3 5 ; B ugal 1953)*

T h is  a n a l y s i s  i s  th e  o n ly  one t h a t  h a s  b e e n  c a r r i e d  o u t  

on  th e  o i l  from  a  s e a  l io n *

O rig in , an d  P r e p a r a t io n  o f  th e  O il

The sam ple o f  o i l  was o b ta in e d  from  a  m ale  a n im a l 

( O t a r l a  g i l l e g p i i ) aged  a b o u t 15 m onths w hich  h ad  b een  I n  

c a p t i v i t y  i n  C a ld e rp a rk  Zoo (G lasgow ) f o r  a b o u t 2 m onths*

The f a t  w as e x t r a c t e d  i n  th e  u s u a l  way g iv in g  an  o i l  

I * ? .  173.1, S.E* 288 * 8 , F*P*A. ( a s  o l e i c )  2 *7 .

The a n a l y s i s  was c a r r i e d  o u t  by th e  u s u a l  m ethod 

g iv in g  r e s u l t s  a s  sh o rn  i n  th e  a p p e n d ix  (p ag e  l 20 ) *



As w i l l  ce s e e n  on p e ru s a l  o f  th e  r e s u l t s ,  tn e  

im s a t i t r a te d  a c id s  h av e  m ere ly  b een  re c o rd e d  w ith  t h e i r  

mean u n s a tu r a t io n s *  bo f u r t h e r  ch em ica l i n v e s t i g a t i o n  

i n t o  th e  n a tu r e  o f  th e  a c id s  p r e s e n t  i n  th e  o i l  was 

u n d e r ta k e n ,  s in c e  m o st o f  th e  f r a c t i o n s  c o n s i s t e d  o f  

com plex  m ix tu re s *  The mean u n s a t u r a t i o n  o f  th e  v a r io u s  

g ro u p s  o f  a c i d s  w ere  d e te rm in e d  by a  s im p le  m a th e m a tic a l  

m ethod  -  a  v a r i a n t  o f  th e  g r a p h ic a l  m ethod ( s e e  H i l d i t c h  

1 9 4 7 d ) .

However* i n t e r e s t i n g  in f o r m a t io n  was o b ta in e d  by 

m ak in g  u s e  o f  i s o m e r i s a t i o n  w ith  a  21 fo s o l u t i o n  o f  

p o ta s s iu m  h y d ro x id e  i n  e th y le n e  g ly c o l  a t  1 8 0 °G f o r  15 

m in u te s  (H erb and  H ie m e n sc h n e id e r  1952)*  On m e a su r in g  

th e  U .¥ . a b s o r p t io n  s p e c t r a  o f  th e  i s o ra e r is e d  f r a c t i o n s ,  

th e  p re s e n c e  o f  a t  l e a s t  p e n ta e th e n o id  a c id s  was i n d i c a t e d  

by  a b s o r p t io n  m axima a t  2 3 3 , 2 7 0 , 2 8 2 , 3 0 4 , 317* 332 and 34S 

mja a s  shown i n  F ig u re  2 ( c f .  H e rb , W itn a u e r , and 

R iem en s c h n e id e r  1951)*

T h is  i s  t r u e  o f  f r a c t i o n s  w hich  a r e  p o s t u l a t e d  to  

c o n ta in  CgQ a c id s  (e*g# f r a c t i o n  O i l )  a s  w e l l  a s  th e s e  

c o n ta in in g  a c id s  ( e . g .  f r a c t i o n  0 1 7 ) .  The 

o c c u r r e n c e  o f  h ig h ly  u n s a tu r a te d  $20-22  a c ^ 8 o f  t h i s  n a tu r e  

i s  a  c h a r a c t e r i s t i c  f e a t u r e  o f  m ost m a rin e  o i l® .
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i s o m s r i s a t i o n  o f  a f r a c t i o n  p o s t u l a t e d  to  c o n ta in  C-^g e s t e r s  

o n ly  ( S .S .  291*1) showed a  c o n s id e r a b le  a b s o r p t io n  a t  300 

and 315mja. snd  1 0 6 .9  r e s p e c t i v e l y )

s u g g e s t in g  th e  p r e s e n c e  o f  t e t r a s t h e n o i d  a c id s  ( o f .  Herb 

and H i omens e lm e id e r  1 9 5 2 ) . S im i la r  m easurem ent o f  a  

f r a c t i o n  c o n s i s t i n g  o f  e s t e r s  (S.JS* 2 6 4 .4 )  allowed
*1 c£

a b s o r p t io n  maxima a t  500 and 515' p̂. h a v in g  o f  6 4 .3

and 5 5 .3  - r e s p e c t iv e ly *  a ls o  im p ly in g  t h a t  t e t r a e t h e n o i d  

a c i d s  a r e  p r e s e n t .  T hese f a c t s  s i g n i f y  th e  e x i s te n c e  o f  

®X8 ^16 ^e "̂ r a e n e  a .c id s  i n  t h i s  o i l#

A c o n ju g a te d  C-^g t e t r a e n e  a c id  h a s  b een  fo u n d  i n  c e r t a i n  

se e d  o i l s  ( p a r i n a r i c  a c id )  and  m easurem ent o f  th e  d.V* 

a b s o r p t io n  shows s i m i l a r  maxima to  th e  above (K aufm ann, 

B a l t e s ,  V o lb e r t  and B ro ek h au sen  1 9 5 0 ) . However s in c e  

th e  U .T . o f  th e  u n is o m e r is e d  a c id s  o f  th e  o i l  showed no 

a p p r e c i a b le  a b s o r p t io n  th e  p re s e n c e  o f  t h i s  a c id  a s  such  

i s  r u l e d  o u t ,  a l th o u g h  th e  i s o m e r is e d  a c id s  may be v e ry  

s i m i l a r  to  i t *  From Ja p a n e se  s a r d in e  o i l  Toyama and 

T su o h iy a  (1935) o b ta in e d  o e ta d e c a - 4 : 6 21 2 s1 5 - t e t r a e n o i c  a c id  

(x a o ro c tie  a c id ) *  w h ic h  h a s  a ls o  b een  fo und  i n  b o n i to  o i l  

(M atsuda  1 9 4 2 ) . On th e  o th e r  h a n d , i t  i s  v e ry  d o u b tf u l  

i f  an  a c id  o f  t h i s  c o n s t i t u t i o n  w ould e x h i b i t  t e t r a e n e  

a b s o r p t i o n - a f t e r  a l k a l i  i s o m e r i s a t i o n  u n d e r  th e  s ta n d a r d  

c o n d i t i o n s ,  s in c e  t h r e e  o f  th e  d o u b le  bonds a r e  s e p a r a te d



by two meth y io n e  g r o u p s  [ c f . Parm er 1942; Yoyauia and 

Yam ahato 1 9 9 3 a ] * An i n t e r e s t i n g  t e t r a e n e  a c i d  h a s  

b e e n  found  i n  th e  f r e s h  w a te r  a lg a e  Q h lo r e l la  p y r e n o i u o s a  

and i t  h a s  p ro  v l  s i  on a l l y  b e en  g iv e n  th e  s t r u c t u r e  

o c t a d e c a - 6 t 9 s l 2 s l 5 ~ t e t r a e n o i c  a c id  (P asch k e  and W heeler 

1 9 9 4 J* T h is  a c id  e x h ib i t e d  U .T . a b s o r p t io n  maxima a t  

2 3 4 f 268 and 313 mju an d  i t  seem s l i k e l y  t h e r e f o r e  t h a t  th e  

^18 ' ê 'f‘;raerAe & eid p r e s e n t  i n  t h i s  sam ple o f  s e a  l i o n  o i l  

w i l l  be s i m i l a r  to  t h i s  a c i d ,  a l th o u g h  i t  m ust be b o rn e  i n  

m ind 'th a t  th e  o b s e r v a t io n  o f  th e  t e t r a e n e  m ig h t p o s s ib l y  

be  due to  th e  p re s e n c e  o f  sm a ll  q u a n t i t i e s  o f  a  0 

t e t r a e n e  a c id  w hich have  d i s t i l l e d  o v e r  e a r l y  i n  th e  e s t e r  

f r a c t i o n a t i o n *  A t e t r a e n e  a c id  h a s  been  found  i n  th e  

d e p o t  f a t  o f  a  f r o g  ( Hana t i g r i n d ) . b u t  no in f o r m a t io n  i s  

a v a i l a b l e  a b o u t i t s  s t r u c tu r e *  (K fca lk ar, P h o l& tk a r and 

B h lde  1946)*

A s i m i l a r  s i t u a t i o n  i s  a p p a r e n t  a s  r e g a r d s  a  

h e x a d e c a te t r a e n o ie  a c id  -  s a r d in e  o i l  c o n ta in s  a  

h e x a d e c a - 4 : 8 ; l l : 1 4 ~ t e t r a e n o i d  a c id  ( T u tly a  1 9 4 0 , Toyama and 

Yam ahato 1953b) and th e  fi*esh w a te r  a lg a e  C h l o r e l l a  p y re n o id o  

c o n ta in s  a  4 ,  7 ,  1 0 , 13 ( a l l  e l s ) t e t r a e n o i c  a c id *  S in c e  

t h e r e  i s  no a p p r e c ia b le  U.V# a b s o r p t io n  b e fo r e  i s o m e r i s a t i o n  

i t  a p p e a r s  l i k e l y  t h a t  th e  C-̂ g t e t r a e n e  a c id  p r e s e n t  i n  

s e a  l i o n  o i l  i s  s i m i l a r  to  t h a t  p r e s e n t  i n  th e  a lg a e .



Tlies® s u rm is e s  seem a l l  th e  more l i k e l y  when i t  i s  r e c a l l e d  

t h a t  th e  d i e t  o f  a  s e a  l i o n  c o n s i s t s  e n t i r e l y  o f  f i s h  and 

t h a t  i t  h a s  b een  su g g e s te d  (P aseh k e  and W heeler 1954) t h a t  

th e  f a t  o f  f i s h e s  f o l lo w s  t h a t  o f  th e  p re d o m in a n t a lg a e  o f  

t h e i r  e n v iro n m e n t , and  a l th o u g h  th e  a lg a e  O h io r e l l a  

p y r e a o id o s a  i s  a  f r e s h  w a te r  ty p e  i t  i s  p o s s ib l e  th e  

a c i d s  o f  th e  m a r in e  t y p e  w i l l  h av e  a  s i m i l a r  s t r u c tu r e *  

D is c u s s io n

When th e  ra n g e  o f  f a t t y  a c id  d i s t r i b u t i o n  i n  th e  v a r io u s  

sp e c im e n s  o f  b lu b b e r  f a t  o f  s e a l s  i s  com pared w ith  t h a t  

o b ta in e d  i n  t h i s  c a se  ( s e e  T a b le  12) i t  i s  e v id e n t  t h a t  

there is a  b ro a d  s i m i l a r i t y  b e tw een  a l l  th e  s e a l  b lu b b e r  f a t s *  

Somewhat l a r g e r  am ounts o f  u n s a tu r a t e d  a c id s  a r e  p r e s e n t  

in th e  b lu b b e r  f a t s  o f  t h e  common s e a l  and c r a b e a t e r  s e a l ,  

but since a large variation in th e  unsaturated a c i d s  

has b e en  found i n  v a r io u s  a n im a ls  o f  th e  same s p e c ie s  

( e l e p h a n t  s e a l )  i t  i s  doubtful w h e th e r  th e s e  g r e a t e r  am ounts 

of a c i d s  c a n  be  c o n s id e re d  a s  a  s p e c i f i c  f e a t u r e  o f  

these species*



T ab le  12 -  C o m p o sitio n  o f  B lu b b e r  F a ta  o f  V a r io u s  S e a ls
($  m ol*)

A cid
E le p h a n t

S e a l
Urey
S e a l

L eo p a rd
S e a l

L a u r ie 0 - 0 .4 mm

M y r i s t i e 1 •1—6 * 3 4 .6 4 .9

P a l m i t i c 8 .2 - 1 4 .0 1 1 .5 8 .1

S t e a r i c 2 .1 —4 .6 2 .0 1 .6

A r a c h ld ie 0 - 0 .9 - 0 .2

U n s a tu ra te d C14 0 .6 - 2 .3  
( - 2 . OH)

2 .1
( - 2 . OH)

2 .6
(~2.0H )

U n s a tu ra te d 8 .2 - 1 7 .8  
( - 2 .0  to  -22H )

1 7 .2
( -2 .2 H )

1 4 .1
(-2 .1 H )

U n s a tu ra te d C18 3 2 .9 -4 4 .4  
( - 2 .1  to  -2 .7 H )

3 0 .9
(-2 .7 H )

4 2 .2
(-2>2H )

U n s a tu ra te d °2 0 L I .7 - 2 5 .3  
( - 2 .8  to  -6 .7 H )

1 5 .2
( -5 .7 H ;

15*8-
( -4 .6 H )

U n s a tu ra te d C22 5 .9 -1 3 * 2  
( - 4 .9  to  10 .8H )

1 5 .5  
( - 1 0 . 6H)

1 0 .5
(-9 .4 H )

U n s a tu ra te d °24 0 - 3 . 1  ■
( - 2 .0  to  -3 .9 H )

1 .0
( - 1 1 .OH) mm

W ith th e  e x c e p t io n  o f  th e  p r e s e n t  r e s u l t s ,  th e s e  

v a lu e s  a r e  a s  t a b u l a t e d  by W in te r  and lu n n  (1953)®



Newfound- 
land seal

Common
seal

Crabeater 
seal

Sea lion

trace mm mm —
6.6 2.7-2.9 5.7 4.9

11.7 IX.1—XX.4 10.9 13.8
1.3 2.4-4.3 1.6 2.7
0.5 0.3 - mm

2.2 2.7-3.6 3.9 2.5(-2.OH) (-2.OH) (-2.OH) (-2.OH)
11.6 22.7-27.8 21.5 13.4(-2.14) (-2.1H) (-2.3H) (-2.4H)
39.3 33.2-33.7 30.0 30.7(-2.4H) (-2.4 to -2.7H) (-3.2H) (-2.611)
16.0 12.4-13.6 17.5 ?i^5H)(-5.6H) (-5.9 to -7.2H) (-7.9H)
9.0 10.3-12.2 8.9 10.4(-9.3H) (-11.o h ) (-10. Off) (-10.7H)
1.6 

(-10.9H) mm- mm mm



I t  c a n  be se en  t h a t  a l l  th e  a n a ly s e s  o f  s e a l  o i l s  show a  

s i m i l a r i t y  i n  t h e i r  sm a ll q u a n t i t i e s  o f  s a t u r a t e d  a c i d s ,  

c o u p le d  w ith  th e  l a r g e  q u a n t i t i e s  o f  h ig h ly  u n s a tu r a t e d  

° 20-22 a c i d s  ”  a  c h a r a c t e r i s t i c  f e a t u r e  o f  a l l  m a r in e  f a t s  

(c f#  H i l d i t c h  1 9 4 7 g ) . A n a ly se s  o f  c aa m iv o re s  h a s  so f a r  shown 

t h a t  t h e i r  body f a t  c o m p o s itio n  i s  g o v e rn ed  to  a  l a r g e  

e x t e n t  by  t h e i r  d i e t  (G unstone  1 9 5 5 b ). S h a t  t h i s  i s  n o t  

e n t i r e l y  th e  c a s e  f o r  s e a l s  i s  shown by th e  work o f  W in te r  

and  Nunn (1950 ) who d e m o n s tra te d  f o r  exam ple t h a t  i n  s p i t e  

fcf th e  l a r g e  d i f f e r e n c e s  i n  c o m p o s itio n  be tw een  s e a l s  o f  th e  

same sp ec ie©  t h a t  th e  b lu b b e r  o i l  o f  a  M acquarie  I s l a n d  

m a tu re  m ale  e le p h a n t  s e a l  d id  n o t  d i f f e r  g r e a t l y  from  th e  

b lu b b e r  o i l  o f  a  H eard I s l a n d  m a tu re  m ale  le o p a r d  s e a l ,  

a l th o u g h  t h i s  specim en  i s  r e c o g n is e d  to  f e e d  on a  m ore 

e l a b o r a t e  d i e t  th a n  th e  e le p h a n t  s e a l s .  C a rd in  and 

K e a ra  (1953) i n  a s tu d y  o f  th e  l i p i d s  o f  th e  g re y  A t l a n t i c  

s e a l  c o n c lu d e d  t h a t  from  th e  tim e  th e  s e a l s  r e c e iv e  a  

n a t u r a l  m a r in e  d i e t  ( a f t e r  s u c k l in g ) ,  th e  c o n te n t  o f  

s a t u r a t e d  a c i d s ,  i n  p a r t i c u l a r  o f  p a l m i t i c  a c i d ,  d e c r e a s e s  

a t  th e  e x p en se  o f  @20-22 u n s a tu r a te d  a c i d s ,  m ak ing  th e  I .V .  

a  f u n c t io n  o f  th e  age  o f  th e  a n im a l. T h is  sam ple o f  

s e a  l i o n  o i l  i s  i n t e r e s t i n g  i n  th e  f a c t  t h a t  i t  i s  th e  m ost 

u n s a t u r a t e d  so f a r  ex am in ed , and w h ile  i t  i s  d i f f i c u l t  

to  make any g e n e r a l i s a t i o n s  i n  th e  a b se n c e  o f  d a ta  on o th e r



a n im a ls  o f  t h i s  s p e c i e s ,  i t  sh o u ld  he n o te d  t h a t  th e  

s a t u r a t e d  a c i d s  fo rm  a b o u t 21$ o f  th e  t o t a l  a c i d s ,  i n  

co m p a riso n  to  a n  a v e ra g e  v a lu e  o f  a b o u t 18$ f o r  o th e r  s e a l s .  

S h i s  d i f f e r e n c e  i s  c o u n te rb a la n c e d  by an  in c r e a s e  i n  th e  

u n s a t u r a t i o n  o f  th e  C2q a c i d s ,  a  f a c t  w hich  i s  f u r t h e r  

i n d i c a t e d  b e lo w . T h is  d o es n o t  a l t o g e t h e r  a c c o rd  w ith  

C a rd in  and  Meara* s  p o s t u l a t e  t h a t  th e  s a t u r a t e d  acid©  

d e c r e a s e  w ith  i n c r e a s e  i n  I * ? .  On th e  o t h e r  h a n d , W in te r  

and  Bunn (1353) o b se rv e d  t h a t  th e  lo w e r I .V ,  f a t s  have 

a  r e l a t i v e l y  low  c o n te n t  o f  s a t u r a t e d  a c id s  (15$) com pared 

w i th  t h e  m ore h ig h ly  u n s a tu r a t e d  t a t s  w hich  c o n ta in  up to  

22$ o f  s a t u r a t e d  a c id s *  T hese  a u th o r s  a ls o  d is c u s s e d  th e  

s a t u r a t i o n  and d e s a t u r a t i o n  p r o c e s s e s  o c c u r r in g  i n  s e a l  o i l  

and  th e y  n o te  t h a t  m a jo r  v a r i a t i o n s  a r e  to  be found  m a in ly  

i n  th e  g roup  o f  a c i d s  h a v in g  a  c h a in  l e n g th  o f  C2q o r  more  

and th e  u n s a t u r a t i o n  v a lu e  o f  th e  C-̂ g a c id  g ro u p s  rem a in  

s u b s t a n t i a l l y  c o n s ta n t*  (The * u n sa tu  r a t i o n  v a lu e*  i s  

d e f in e d  a s  th e  p ro d u c t  o f  th e  m o la r  p e rc e n ta g e s  o f  th e  

f a t t y  a c id  g roup  and  i t s  mean u n s a t u r a t io n  d iv id e d  by 200 -  

t h u s  r e p r e s e n t i n g  th e  num ber o f  d o u b le  bonds c o n t r ib u te d  

to  one a v e ra g e  m o le c u le  o f  f a t  by each  group  o f  f a t t y  a c i d s ) . 

B ased  on t h e i r  16 a n a ly s e s  o f  e le p h a n t  s e a l  o i l  W in te r  and 

Bunn (1953) have  co m p iled  l i m i t s  f o r  th e  u n s a t u r a t i o n  v a lu e s  

o f  t h e  v a r io u s  a c i d s  a s  th e y  o c c u r  i n  th e  o i l .  These 

l i m i t s  and  th e  u n s a t u r a t i o n  v a lu e s  f o r  th e  p r e s e n t  sam ple o f  

s e a  l i o n  o i l  are shown i n  T ab le  13*



g a b le  13 «*" U n s a tu r a t io n  V a lu e s  o f  S e a l  O i l s

O hain  l e n g t h U n s a tu r a t io n  V alue 
l i m i t s

Uns&tn. 
Value© o f
Sea l i o n  o i l

c u 0 .0 1  -  0 ,0 2 0 .0 2

°16 0 .0 8  -  0*19 0 .1 6

C18 0*38 * 0 .4 8 0 .4 0

°20 0 .2 6  -  0 .6 2 0 .8 1

°22 0 .3 0  * C .63 0 .5 5

C24 0 ,0 1  -  0 .0 6

I t  i s  n o te w o rth y  t h a t  th e  u n s a t u r a t i o n  v a lu e s  o f  th e  se a  

l i o n  o i l  f a l l  w i t h in  th e  p r e s c r ib e d  l im i t s *  w ith  th e  

e x c e p t io n  o f  th e  w hich  see® to  be m ore

u n s a t u r a t e d  than, any  so f a r  e n c o u n te re d  i n  t h i s  g roup  o f  

a n im a ls .  U n fo r tu n a te ly *  no f u r t h e r  i n v e s t i g a t i o n  o f  th e s e  

a c i d s  w as c a r r i e d  o u t  a s  th e  p r e s e n t  m ethods o f  i n v e s t i g a t i n g  

p o ly e th e n o id  a c i d s  a r e  n o t  v e ry  s a t i s f a c t o r y  (c f»  P a r t  I I ) .



G e n e ra l C o n c lu s io n s  and D is c u s s io n

I  As h a s  b een  a l r e a d y  i n d ic a t e d  (page  2 ) t h i s  s tu d y  o f  

a n im a l f a t s  i s  a  c o n t in u a t io n  o f  work commenced i n  t h i s  

l a b o r a t o r y  i n  1 9 5 0 , and i t  i s  c o n v e n ie n t  a t  t h i s  s ta g e  

to  p a s s  comment on th e  a n a l y t i c a l  p ro c e d u re s  a s  th e y  h av e  

b e e n  e v o lv e d  i n  th e s e  y e a r s .

a) I t  i s  an  im p o r ta n t  a s p e c t  o f  t h i s  work to  p ro v id e  an  

e f f i c i e n t  m eans o f  s t o r i n g  th e  f a t s ,  a s  i t  i s  n o t  a lw ay s  

c o n v e n ie n t  to  c a r r y  o u t  a n a ly s e s  o f  th e  f a t s  a s  th e y  become 

a v a i l a b l e ,  s i n c e  i t  i s  n e c e s s a ry  to  c o n c e n tr a te  on work o f  

a  p a r a l l e l  n a t u r e  to  im prove th e s e  a n a ly s e s  ( e . g .  P a r t  I I ) .  

I n  p r a c t i c e ,  th e  f a t s  w ere e x t r a c t e d  im m e d ia te ly  th e y  w ere 

a v a i l a b l e  and  th e n  s to r e d  i n  a  s e a le d  c o n ta in e r  i n  a  

r e f r i g e r a t o r  a t  -4 °C  u n t i l  x’eady  f o r  a n a l y s i s .  In  some 

c a s e s  a  p e r io d  o f  two y e a r s  had  p a sse d  b e fo re  an e x a m in a tio n  

was b e g u n , and  i t  was found  t h a t  t h i s  m eans o f  s to r a g e  was 

e f f e c t i v e  i n  p r e v e n t in g  s e r io u s  d e t e r i o r a t i o n  e x c e p t  i n  th e  

c a s e  o f  some o f  t h e  more u n s a tu r a t e d  f a t s .  The d e g re e  

o f  d e t e r i o r a t i o n  was m easu red  by n o t in g  th e  d rop  i n  th e

I .V .  o f  th e  f a t  from  t h a t  d e te rm in e d  on th e  f r e s h l y  

e x t r a c t e d  f a t  to  t h a t  J u s t  b e fo r e  th e  a n a l y s i s  was 

commenced. I t  was found  t h a t  th e  d e g re e  o f  d e t e r i o r a t i o n  

w as v e ry  s m a ll  i n  th e  c a se  o f  f a t s  o f  I .V .  80 o r  l e s s  b u t  

i n  some o f  th e  more h ig h ly  u n s a tu r a te d  f a t e  i t  w as q u i t e



m ark e d . l ’t o s , a  sam ple  o f  m o n ito r  f a t  o f  I . ? .  1 0 8 .0  

on e x t r a c t i o n  showed an  I .V .  o f  8 1 .0  a f t e r  s to r a g e  and 

a c c o r d in g ly  no a t te m p t  a t  an a n a l y s i s  was m ade. fh e  

sp ec im en  o f  r a b b i t  f a t  a l s o  a p p e a re d  to  h av e  d e t e r i o r a t e d  

a  l i t t l e  % n e v e r t h e l e s s  an  a n a l y s i s  was c a r r i e d  o u t  a s  u s u a l  

end  i t  was found*  a s  i n  o t h e r  s i m i l a r  c a s e s  t h a t  any 

p r o d u c ts  o f  d e t e r i o r a t i o n  (p ro b a b ly  a c i d i c  f i s s i o n  p r o d u c ts )  

a p p e a re d  i n  th e  f i r s t  few  f r a c t i o n s  o f  0 F r a c t io n  

r e s u l t i n g  i n  a  v e ry  low  S .E . ( e . g .  S«E* o f  R a b b it C l was 

1 9 9 * 4 ) . H ow ever, a s su m p tio n s  can be mad© r e g a r d in g  th e  

c o m p o s it io n s  o f  th e s e  f r a c t i o n s  u s in g  th e  I .V , and S .E . 

v a lu e s  o f  th e  l a t e r  e s t e r  f r a c t i o n s  w h ich  s t i l l  seem to  

g iv e  r e s u l t s  o f  f a i r  a c c u ra c y ,

b) I n  th e  p ro c e d u re  o f  f r a c t i o n a l  c r y s t a l l i s a t i o n  a  scheme 

w as a d o p te d  w h ich  gave good s e p a r a t io n s  o f  th e  f r a c t i o n s  

a c c o rd in g  to  t h e i r  I .V .* s .  fh u s  by r e c r y s t a l l i s a t i o n  a t  

**6G°G and th e n  a t  -2 0 ° 0  from  m eth y l a l c o h o l ,  a  f a i r  

s e p a r a t i o n  i n t o  p o ly e th e n o id ,  m on o eth en o id  and s a t u r a t e d  

f r a c t i o n s  w as a c h ie v e d . However i n  some f a t s  i n  w h ich  

t h e r e  was o n ly  a  sm a ll p r o p o r t io n  o f  p o ly e th e n o id  a c id s *  t h i s  

p ro c e d u re  w h i le  g iv in g  e x c e l l e n t  s e p a r a t io n s  l e d  to  v e ry  

©mall 0 f r a c t i o n s .  (e .g *  Flam ingo s 8 .9gm *)# Ih e  

r e s u l t i n g  d i s t i l l a t i o n  o f  th e  m eth y l e s t e r s  was th u s  n o t  

@o s a t i s f a c t o r y  and f r a c t i o n s  o f  a b o u t lg p u  had  to  be
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c o l l e c te d *  'N e v e r th e l e s s  u s in g  a  m o d if i c a t io n  o f  th e  

m acro  m ethod f o r  d e te r m in a t io n  o f  S .B . ’ s  f a i r l y  c o n s i s t e n t  

r e s u l t s  w ere  a c h ie v e d .  I t  w i l l  th u s  he e v id e n t  t h a t  i n  

th e s e  c a s e s  w here  th e  p o ly e th e n o id  c o n te n t  i s  low  ( g e n e r a l l y  

low  I .V# f a t s )  a  com prom ise m ust be  a c h ie v e d  b e tw een  an 

e f f i c i e n t  s e p a r a t i o n  o f  th e  p o ly e th e n o id  f r a c t i o n  and th e  

sis©  o f  t h e  f r a c t i o n  (a ssu m in g  a  l i m i t e d  q u a n t i t y  o f  f a t  

i s  a v a i l a b l e ) .  T h is  s u g g e s ts  t h a t  a  b e t t e r  a n a l y s i s  

would be o b ta in e d  i n  th e s e  c a s e s  by  c a r r y in g  o u t th e  f i r s t  

c r y s t a l l i s a t i o n  a t  h ig h e r  te m p e ra tu re s  e#g# -4Q°C i n s t e a d  

o f  -60°C  ( c f .  Brown and Kolb 1955)*

c ) I t  i s  a p p a re n t  t h a t  i n  th e  a n a ly s e s  w hich in d ic a t®  

sm a ll q u a n t i t i e s  o f  u n s a tu r a t e d  COQ a c id s  b e in g  p r e s e n t ,  

th e  e v id e n c e  f o r  th e s e  i s  d e r iv e d  from  th e  S.E# o f  th e  

r e s i d u a l  f r a c t i o n s  c o u p le d  w ith  a  d e te r m in a t io n  o f  th e  

u n s a p o n i f i a b le  m a t e r i a l .  As an  a c c u r a t e  d e te r m in a t io n  o f  

th e  S .E . o f  th e  h ig h ly  c o lo u re d  r e s id u e  i s  r a t h e r  d i f f i c u l t  

and t o g e t h e r  w ith  th e  r a t h e r  a r b i t r a r y  e x t r a c t i o n  o f  th e  

u n s a p o n i f i a b le  m a t t e r ,  i t  seems r e a s o n a b le  to  e x p re s s  d o u b ts  

about t h e  p re s e n c e  o f  th e s e  a c i d s .

O th e r  a c i d s  a b o u t w hich th e r e  i s  a  c e r t a i n  u n c e r t a i n t y  

a r e  th e  p o ly e th e n o id  a c i d s .  T h u s, i n  th e  o s t r i c h  

a n a l y s i s ,  s p e c t r a l  e v id e n c e  i n d i c a t e d  th e  e x i s te n c e  o f  a  

d ie th e n o id  a c i d ,  w h i l s t  b ro m in a tio n  o f  th e  r e l e v a n t  f r a c t i o n



«

im p l ie d  “th e  presex*c© o f  a  t r i e t h e n o i d  ac id *  f h i s  m ig h t b® 

due to  th e  o c c u r re n c e  o f  an  a c id  w hich h a s  t h r e e  d o u b le  

bonds*  o n ly  two o f  w hich  a r e  c o n ju g a b le . H ow ever, f u r t h e r  

c l a r i f i c a t i o n  o f  t h i s  and r e l a t e d  p ro b lem s a w a i t s  th e  

d e v e lo p m e n t o f  m ethods o f  ex am in in g  th e  m ere u n s a tu r a te d  

a c i d s  ( s e e  P e r t  I I ) •

One m ethod  o f  ex am in in g  u n s a tu r a t e d  a c id s  w hich  h a s  

become an  i n v a lu a b le  t o o l  i n  r e c e n t  y e a r s  i s  t h a t  b a se d  on 

m easu rem en t o f  th e  !K ¥. a b s o r p t io n  a f t e r  a l k a l i  i s o m e r i s a t i o n  

( s e e  H erb 1955)* f u r t h e r  s t a n d a r d i s a t i o n  o f  th e  m ethods I

u s in g  a  21$ s o l u t i o n  o f  p o ta s s iu m  h y d ro x id e  i n  e th y le n e  j

g ly c o l  ( cf#  a n a l y s i s  o f  s e a l  o i l )  sh o u ld  th row  some l i g h t  j

on th e  s t r u c t u r e  o f  th e  ^20-22  u n s a tu r a te d  a c id s  c h a r a c t e r i s t i c !  

o f  f i s h  o i l s .  I t  was n o te d  how ever in  t h i s  m ethod t h a t  j

t h e r e  a p p e a re d  to  be some d i f f i c u l t i e s  i n  m e a su r in g  th e  XJ.V. 

a b s o r p t io n  b e c a u se  o f  th e  d e p o s i t i o n  o f  s i l i c a  c au se d  by th e  

a c t i o n  o f  th e  s t r o n g  a lk a l i n e  s o l u t io n  on g l a s s .

I I .  I n  1 9 3 6 , H i l d i t c h  and  Lovem  rem arked  t h a t  th e  lo w e r 

fo rm s o f  l i f e  auch  a s  f i s h e s  d e p o s i t  f a t s  w h ich  a re  

e x c e e d in g ly  com plex i n  t h e i r  s t r u c t u r e ,  c o n ta in in g  a s  w e l l  

a s  $ ^4* 0^6 eaxl̂  ^18 Ba^u r a ^e^ a c id s  a  w ide ra n g e  o f  

u n s a t u r a t e d  a c id s  o f  th e  ®18» ^20 an ^ ^22 s e r ^ es#

f h i s  com pares w ith  th e  f a t s  o f  th e  more h ig h ly  e v o lv e d  la n d  

a n im a ls  w hich  g e n e r a l l y  c o n ta in  a s  m a jo r  com ponen ts o n ly
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t h r e e  a c id s  v i z .  p a l m i t i c ,  s t e a r i c  aad  c l e f e  a c i d s .

As m ore a n a ly s e s  becam e a v a i l a b l e  i t  was a p p a re n t  t h a t  

t h e r e  was a  c l a s s  o f  a n im a ls  i n  w hich th e  f a t t y  a c id s  

w ere  i n te r m e d ia t e  i n  c h a r a c t e r  be tw een  th e  two g ro u p s .

T h is  c l a s s  o f  a n im a ls  a ls o  o c c u p ie d  an in te r m e d ia te  

p o s i t i o n  i n  th e  e v o lu t io n a r y  p a t t e r n  i . e .  th e  a m p h ib ia n s , 

r e p t i l e s  and b i r d s .  The a n a ly s e s  co m p le ted  i n  r e s p e c t  

o f  t h i s  w ork a g re e  w ith  t h i s  c o n te n t io n  and co m p ariso n  

w i th  th e  g e n e r a l  scheme o f  e v o lu t io n  ( e f .  Young 1950} 

d o e s  in d e e d  show a  p r o g r e s s iv e  s i m p l i f i c a t i o n  a© th e  

a n im a ls  beeorae m ore d e v e lo p ed  ( s e e  T ab le  14) • I t  w i l l  

b e  s e e n  from  th e  t a b l e  t h a t  th e  a b sen c e  o f  G20-22  a c * ^ s 

and th e  r e l a t i v e l y  sm a ll p r o p o r t io n s  o f  u n s a tu r a te d  

a c i d s ,  c o u p le d  w i th  in c r e a s e d  q u a n t i t i e s  o f  p a lm i t i c  and 

s t e a r i c  a c i d s  a p p e a r  to  be c h a r a c t e r i s t i c  o f  th e  •h ig h e r*  

a n im a ls ,  th e  a m p h ib ia n s , r e p t i l e s ,  r o d e n ts  and b i r d s  h o ld in g  

an  I n t e r m e d ia t e  p o s i t i o n  a s  r e g a r d s  th e  p r o p o r t io n s  o f  t h e s e  

a c i d s .
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I f  th e  r e f e r e n c e s  to  th o s e  a n a ly s e s  have  n o t  "been a l r e a d y  

i n d i c a t e d  th e y  w i l l  be found  i n  H i ld i t c h  (1947)*  Son© 

a n im a l f a t s  do n o t  f i t  c lo s e ly  in to  t h i s  scheme e . g .  i t  was 

fo u n d  (G kipta, H i l d i t c h  and l e a r a  1950) t h a t  b a d g e r  f a t  

c o n ta in e d  a lm o s t  15$ o f  u n s a tu r a t e d  a c id s  and o f  th e



f a t s  a n a ly s e d  i n  t h i s  s e r i e s , th e  a n te lo p e  seem s r a t h e r  

anom alous i n  i t s  low  c o n te n t  o f  s a tu r a t e d  a c id s  and h i^ h  

c o n te n t  o f  and Q^q u n s a tu r a te d  a c i d s .

I t  sh o u ld  be n o te d  a t  t h i s  p o i n t ,  t h a t  w i th  th e  

e x c e p t io n  o f  th e  d o lp h in  f a m i ly , whose f a t s  c o n ta in  

c o n s id e r a b le  q u a n t i t i e s  o f  i s e - v a l e r i o  a c id ,  a n im a l f a t s  

do n o t  seem to  c o n ta in  a s  a a ^ o r  com ponents su ch  c h a r a c t e r i s t i c  

a c i d s  a s  th o s e  o f  th e  v e g e ta b le  f a t s  e .g .  h y d ro x y , epoxy 

and a c e t y l e n i c  a c id s  a s  found  i n  c e r t a i n  b o t a n i c a l  s p e c ie s  

( o f .  P a r t  I I I ) > a l th o u g h  b ra n c h e d  c h a in  and uneven  num bered 

f a t t y  a c i d s  have  b een  found  a s  m in o r com ponents o f  some 

a n im a l f a t s  (S h o r la n d  1 9 5 2 , 1953 ; c f .  H i l d i t c h  1 9 5 2 ) .

fh e  i n c r e a s in g  s im p l i c i t y  i n  th e  c o m p o s itio n  o f  f a t s  

a s  one p ro c e e d s  from  th e  ’ low er*  to  th e  ‘h ig h e r*  fo rm s o f  

l i f e  h a s  b een  d i s c u s s e d  by ShorXand (1 9 5 2 , 1953) wtio 

s u g g e s t s  t h a t  t h i s  g r a d a t io n  i s  m o s tly  due to  th e  f o r t u i t o u s  

i n f lu e n c e  o f  d i e t .  S h a t th e  d i e t  i n f lu e n c e s  th e  d e p o t f a t  

o f  a n im a ls  h a s  b een  shown by many o b s e r v e r s .  l im e , r a t s  

f e d  on co rn  o i l  d e p o s i t  f a t s  c o n ta in in g  s i m i l a r  p r o p o r t io n s  

o f  f a t t y  a c i d s  to  th o s e  p r e s e n t  i n  th e  d i e t  (L o n g en eck er 

1 9 3 9 a ) .  f h i s  how ever can n o t b© s a id  to  be t r u e  o f  a l l  

a n im a ls  o r  even  o f  th e  same a n im a ls  f e d  on d i f f e r e n t  d i e t s  

e . g .  i t  h a s  a ls o  been shown t h a t  r a t s  f e d  cn  c o co n u t o i l  

d e p o s i t  a  f a t  c o n ta in in g  c o n s id e r a b ly  l e s s  o f  th e  lo w e r 

s a t u r a t e d  a c id s  th a n  a r e  c h a r a c t e r i s t i c  o f  c o c o n u t o i l .



(L o n g e n e c k e r  1 9 3 9 b ) .  I n  . t h i s  c a s e  i t  m ust be assum ed t h a t  

t h e  lo w e r  s a t u r a t e d  a c i d s  a r e  p r e f e r e n t i a l l y  m e ta b o l i s e d  

by  th e  a n im a l .  The s tu d y  o f  th e  f o r m a t io n  o f  f a t s  i n  th e  

a n im a l  i s  an  e x t r e m e ly  c o m p l ic a te d  one and i t  would n o t  be 

s u i t a b l e  to  d i s c u s s  th e  p r e s e n t  t h e o r i e s  o f  m e tab o lism  a t  

t h i s  s t a g e  ( f o r  a  R eview , se e  S h o r la n d  1955)*

However* i t  may be s a i d  t h a t  i t  ha® been  g e n e r a l l y  

r e c o g n i s e d  t h a t  i n  th e  c o u r s e  o f  e v o l u t i o n  t h e r e  a p p e a r s  to  

b e  d i s c e r n a b l e  ch an g es  i n  t h e  n a t u r e  o f  th e  f a t  m e ta b o l ism  o f  

a n im a l s  and S h o r la n d  (1953) h a s  a t t e m p te d  t o  c l a s s i f y  t h r e e  

t y p e s  o f  a n im a l  s -

a )  s p e c i e s  t h a t  d e p o s i t  d i e t a r y  f a t  o n ly

b) s p e c i e s  t h a t  d e p o s i t  d i e t a r y  f a t  and endogenous f a t

c) s p e c i e s  t h a t  d e p o s i t  endogenous f a t  o n ly .

I t  h a s  b e en  em p h as ised  by S h o r la n d  t h a t  t h e s e  s u b d i v i s i o n s  

a r e  n o t  r i g i d  b u t  r e p r e s e n t  an a t t e m p t  t o  u s e  a  b i o l o g i c a l  

r a t h e r  th a n  an e m p i r i c a l  b a s i s  f o r  c a l c u l a t i o n .  In  t h e  

f i r s t  c a t e g o r y  he  names f i s h ,  i n  th e  second  a m p h ib ia n s ,  

r e p t i l e s  and  n o n - r u m in a n ts  (w hich  u s e  c a r b o h y d r a te  and 

p r o t e i n  to  p ro d u c e  endogenous f a t ) ;  i n  t h e  t h i r d  c a te g o r y  

a r e  fo u n d  t h e  f a t s  o f  th e  ru m in a n ts  which, have  been  shown 

( S h o r la n d  1 9 5 3 , Thomas, C u lb e r t s o n  and B eard  1934) to  have  

a  f a t  c o m p o s i t io n  n o t  s u b s t a n t i a l l y  a f f e c t e d  by d i e t a r y  f a t .  

N e v e r t h e l e s s  i t  h a s  been p o i n t e d  o u t  by H i l d i t c h  (1952) t h a t  

many a n im a l  f a t s  a t  f i r s t  s i g h t  do  n o t  a p p e a r  to  f a l l  

sm o o th ly  i n t o  t h e  above c l a s s i f i c a t i o n .  The a n a l y s e s



c o m p le te d  i n '  r e s p e c t  o f  t h i s  work f u r n i s h  an  i n t e r e s t i n g  

a d d i t i o n  t o  th e  a v a i l a b l e  d a t a  and p ro v id e  f u r t h e r  comment 

on t h e  above  c l a s s i f i c a t i o n s

a )  S e a l s  h av e  b e en  shown to  d e p o s i t  a  m arin e  ty p e  o f  f a t ,  

b u t  a s  h a s  been  a l r e a d y  m en tio n ed  (page  62 ) t h e r e  i s  

c o n s i d e r a b l e  v a r i a t i o n  w i t h i n  t h e  d i f f e r e n t  s e a l  t y p e s .  T h is  

v a r i a t i o n  i s  n o t  e n t i r e l y  a c c o u n te d  f o r  by v a r i a t i o n  i n  th e  

d i e t  and i s  p r o b a b ly  due (C a rd in  and Meara 1953) to  t h e  

d i f f e r e n t  m e t a b o l i c  f u n c t i o n s  w hich p red o m in a te  a s  th e  

a n im a l  grows ( c f * C a llow  1 9 3 5 ) .  Thus i t  i s  e v i d e n t  t h a t  

s e a l s ,  a l t h o u g h  d e p o s i t i n g  a  m a r in e  f a t ,  do n o t  b e lo n g  to  a  

s p e c i e s  s t o r i n g  d i e t a r y  f a t  o n ly .

b) The a n a l y s e s  o f  c r o c o d i l e  f a t  p r o v id e  a  good i l l u s t r a t i o n  

o f  t h e  e f f e c t  o f  d i e t  on f a t  c o m p o s i t io n .  I t  can be s e e n  

(T a b le  6) t h a t  th e  f a t  o f  th e  w i ld  an im al i s  much n e a r e r  to  

t h e  m a r in e  ty p e  a s  e x e m p l i f i e d  by th e  l a r g e r  q u a n t i t i e s  o f  

0^6 and @20-22 ^ a & t u r a t e d  a c i d s .  However b o th  ty p e s  o f

f a t  a r e  s i m i l a r  i n  t h a t  th e y  c o n ta in  p a r a l l e l  q u a n t i t i e s  o f  

t h e  s a t u r a t e d  a c i d s  i n  c o n t r a s t  to  t h e  s m a l l e r  q u a n t i f i e s  

o f  t h e s e  a c i d s  p r e s e n t  i n  th e  m a r in e  s p e c i e s .  An a n a l y s i s  

o f  a n o t h e r  arti trial w h ich  a l th o u g h  n o t  a  t r u e  a m p h ib ian  h a s  

a  s i m i l a r  e n v iro n m e n t  to  t h a t  o f  th e  c r o c o d i l e ,  h a s  b e en  

c a r r i e d  o u t .  T h is  a n a l y s i s  o f  h ip p o ta m u s  f a t  (B a rk e r  

and H i l d i t c h  1950) showed, i n  c o n t r a s t  to  t h e  c r o c o d i l e  f a t ,



a  v e r y  h ig h  c o n t e n t  o f  s t e a r i c  a c id  (22)0 and o n ly  sm a ll  

q u a n t i t i e s  o f  and @20-22 u n s a t u r a t e d  a c i d s  ( s e e  f a b l e  1 1 ) .  

The h ip p o p o ta m u s  f e e d s  on th e  l u s h  v e g e t a t i o n  ab o u n d in g  a t  

t h e  e d g e s  o f  A f r i c a n  r i v e r s  and L overn  (1936) h a s  o b se rv e d  

t h a t  th e  f a t  d e r i v e d  from  f l o r a  o f  t h i s  k in d  c o n t a i n s  

s u b s t a n t i a l  am ounts o f  u n s a t u r a t e d  0 ^  and G2q a c i d s  

( e .g *  a b o u t  25 and 12$ r e s p e c t i v e l y )•  I t  i s  t h u s  p o s s i b l e  

t h a t  t h e  ex o g en o u s  f a t  o f  b o th  a n im a ls  i . e .  h ip p o p o tam u s 

and  c r o c o d i l e ,  w i l l  be s i m i l a r  i n  c o n s t i t u t i o n ,  i n  c o n t r a s t  

t o  t h e  d i f f e r e n t  ty p e s  o f  f a t  l a i d  dovn i n  th e  t i s s u e s .

T hese  r e s u l t s  s u g g e s t s  t h a t  th e  f a t  o f  th e  h ip p o p o tam u s 

i s  d e r i v e d  by a  d i f f e r e n t  mechanism (p e rh a p s  from  c a r b o h y d r a te s  

and p r o t e i n  i n  th e  d i e t ) , and th e y  f u r t h e r  show t h e  s t r i k i n g  

i n f l u e n c e  o f  s p e c i e s  on f a t  c o m p o s i t io n  i n  t h a t  t h e  h ip p o p o t 

am i!  a r e  r e l a t e d  to  th e  p i g s  b e in g  o f  th e  same sub o r d e r  

S u i f o r m e s .  I t  i s  w e l l  e s t a b l i s h e d  t h a t  t h e  p i g  b e lo n g s  

t o  t h a t  g roup  o f  a n im a ls  d e p o s i t i n g  a  n s t e a r i c - r i c h * *  

ty p e  o f  f a t  ( c f .  H i l d i t c h  1 9 4 7 h )•

The a n a l y s e s  o f  th e  b i r d  and r o d e n t  f a t s  a l s o  conform  

t o  t h i s  i n t e r m e d i a t e  g roup  and on c o n s u l t i n g  T ab le  14 th e  

d e c r e a s e d  c o n t e n t  o f  C-^g u n s a t u r a t e d  and e s p e c i a l l y  o f  th e

C20-22  ^ s a t u r a t e d  a c i d s  i s  n o t i c e a b l e  i n  p ro g e d d in g  i n  th e
, th®

o r d e r  f i s h e s  > a m p h ib i a — >■ r e p t i l e s  t h i r d s

o r d e r  s u g g e s te d  by z o o l o g i s t s  f o r  th e  e v o l u t i o n a r y  p r o c e s s .

A f u r t h e r  p o i n t  may be made a t  t h i s  s t a g e  r e g a r d i n g  th e  f a t
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c o m p o s i t i o n '  o f  t h e  b i r d s *  S h e  tw o  s a m p l e s  a n a l y s e d  i n  t h i s  

s t u d y  ( i . e .  o s t r i c h  a n d  f l a m i n g o )  a r e  v e r y  s i m i l a r  i n  

s p i t e  o f  t h e i r  d i f f e r e n t  d i e t s .  T h e  f l a m i n g o  i s  r e p o r t e d  

t o  f e e d  m a i n l y  o n  t h e  b l u e  g r e e n  a l g a e  s i t u a t e d  a t  t h e  

bottom  o f  p o n d s  a n d  a s  h a s  a l r e a d y  b e e n  m e n t i o n e d  ( p a g e  5 9 )  

t h e s e  a l g a e  a x e  c h a r a c t e r i s e d  b y  t h e i r  c o n t e n t  o f  h i g h l y  

u n s a t u r a t e d  a n d  a c i d s ,  w h i c h  a r e  n o t  e v i d e n t  i n  t h e  

d ep ot f a t *  T h e r e  i s  a  v e r y  g r e a t  v a r i e t y  i n  t h e  f e e d i n g  

o f  b i r d s  a n d  i t  w o u l d  b e  v e r y  i n t e r e s t i n g  a n d  w o u l d  p r o v i d e  

I n t e r e s t i n g  c o m m e n t  o n  S h o r l a n d * s  p o s t u l a t e ,  t o  o b t a i n  

f u r t h e r  a n a l y s e s  f r o m  o t h e r  s p e c i e s  o f  b i r d s  t o  a s c e r t a i n  

i f  t h i s  c o m p a r a t i v e  c o n s i s t e n c y  o f  c o m p o s i t i o n  i s  m a i n t a i n e d  < 

S h u s ,  s o m e  b i r d s  ( e * g *  t h r u s h e s )  c a n  e a t  f l e s h  s u c h  a s  

w o r m s  w h i c h  a r e  r e p o r t e d  t o  c o n t a i n  l i p i d s  w i t h  u n u s u a l l y  

h i g h  q u a n t i t i e s  o f  $ 2 0 - 2 2  t m s a ^ r a t e d  a c i d s  ( L o v e r n  1 9 4 0 )  

w h e r e a s  o t h e r  b i r d s  ( e * g *  f i n c h e s )  s u b s i s t  a l m o s t  e n t i r e l y  

on v e g e t a b l e  m a t t e r  s u c h  a s  s e e d s  a n d  b e r r i e s .

T h e  r e s u l t s  o b t a i n e d  f o r  t h e  *r o d e n t s *  — r a b b i t  a n d  

m o u s e  c o n f i r m  t h e  i n t e r m e d i a t e  c h a r a c t e r i s t i c s  o f  t h e s e  f a t s  

a l t h o u g h  t h e  d i e t  s e e m s  t o  h a v e  a  g r e a t e r  i n f l u e n c e  o n  t h e  

b o d y  f a t  t h a n  i n  o t h e r  t y p e s  o f  a n i m a l .  T h e  r e s u l t  f o r  t h e  

p o r c u p i n e  i s  r a t h e r  u n u s u a l  i n  i t s  h i g h  c o n t e n t  o f  s a t u r a t e d  

a c i d s  a n d  m a y  b e  d u e  t o  a  s p e c i e s  d i f f e r e n t i a t i o n  i n  m u c h  

t h e  s a m e  w a y  a s  t h e  t u r t l e  ( O h e l o n e  m y d a a ) e x h i b i t s  u n u s u a l  

q u a n t i t i e s  o f  t h e  l o w e r  s a t u r a t e d  a c i d s  i n  i t s  f a t  ( G i r a l  

a n d  G i r a l  1 9 4 3 ,  G r e e n  a n d  H i l d i t c h  1 9 3 8 ) .



I t  may be c o n c lu d e d  t h e n ,  t h a t  th e  f a t s  o f  am p h ib ian s  

r e p t i l e s  and b i r d s  a r e  o n ly  e f f e c t e d  to  a  l i m i t e d  e x t e n t  

by  t h e i r  d i e t  and depend  m o s t ly  on th e  m e tab o lism  c h a r a c t e r i s 

t i c  o f  t h e i r  s p e c i e s  to  p rodu ce  d e p o t  f a t .  On th e  o t h e r  

han d  a v a i l a b l e  e v id e n c e  p o i n t s  to  th e  im p o r ta n t  i n f l u e n c e  o f  

d i e t  on th e  d e p o t  f a t s  o f  r o d e n t s ,  a l th o u g h  t h i s  d o es  n o t  

e x p l a i n  t h e  an om alous r e s u l t s  o b ta in e d  f o r  th e  p o rc u p in e  f a t .

o) The l a s t  g ro u p  p o s t u l a t e d  by S h o r la n d ,  c o n s i s t i n g  o f  t h e s e  

s p e c i e s  d e p o s i t i n g  endogenous f a t  o n ly  i s  t y p i f i e d  by th e  

r u m in a n t s  i n  which i t  i s  assumed t h a t  t h e  o rgan ism  l o s e s  th e  

pow er to  d e p o s i t  f a t  from th e  d i e t .  The ru m in a n t  whose f a t  

was exam ined  i n  t h i s  s tu d y  ( a n t e lo p e )  h a s  a f a t  w hich  a p p e a r s  

t o  b e  d i f f e r e n t  from  any o t h e r  f a t  i n  t h i s  group  ( s e e  T a b le  11) 

W ith  th e  e x c e p t i o n  Of th e  a b se n c e  o f  $20-22 a c i d s ,

t h e  f a t  a p p e a r s  to  be more t y p i c a l  o f  a  r e p t i l e .  The a b se n c e  

o f  t r a a g  a c i d s  a l s o  c o n f i rm s  th e  d iv e rg e n c e  o f  t h i s  a n a l y s i s  

from  t h a t  t y p i f i e d  a s  b e in g  c h a r a c t e r i s t i c  o f  ru m in a n ts  by 

S h o r l a n d .  I n  f a c t ,  h ipp opo tam us f a t  w i th  i t s  h ig h  c o n te n t  

o f  s t e a r i c  a c i d  and low c o n te n t  o f  p o ly e th e n o id  a c i d s  

( I n  c o n t r a s t  t o  i t s  dielj), seems to  be much more o f  a  t y p i c a l  

ru m in a n t  f a t ,  and in d e e d  b e lo n g s  to  a  r e l a t e d  f a m i ly  (S u ifo rm es)  

The p r e s e n t  i n d i c a t i o n s  a re  t h a t  t h e r e  i s  a  g roup  o f  a n im a ls  

who d e p o s i t  m a in ly  endogenous f a t ,  a l th o u g h  t h i s  does  n o t  

seem to  be c h a r a c t e r i s t i c  o f  r u m in a n ts .  ho-, e v e r , f u r t h e r  

i n v e s t i g a t i o n s  on th e  f a t s  o f  t h i s  ty p e  o f  a n im a l  m ust be 

made b e f o r e  anv d e f i n i t e  c o n c lu s io n s  can  be  draw n.



Summing u p ,  I t  would p ro b a b ly  be t r u e  to  say  t h a t  

i n  th e  c o u r s e  o f  e v o l u t i o n  t h e r e  a p p e a r s  to  b© g r a d u a l  

c h a n g e s  i n  th e  f i t i e t S ' b o l  1 sm o «l an>im.a*ls, an>d t h ^ a - t  t t o s o  

c h a n g e s  a r e  su p e r im p o se d  on  th e  a b i l i t y  o f  th e  an im a l  to  

d e p o s i t  f a t  from  t h e  d i e t ,  t h u s  m aking i t  a  v e ry  d i f f i c u l t  

t a s k  t o  d i s c e r n  th e  u l t i m a t e  p a t t e r n ,  and t h a t  any a t t e m p t  

t o  make a  c l a s s i f i c a t i o n  o f  a n im a l  f a t s  a t  t h i s  s t a g e  o f  

know ledge  ( o f .  S h o r la n d  1933) seems r a t h e r  p re m a tu re .

I t  w i l l  be r e a d i l y  u n d e rs to o d  t h a t  t h e s e  p ro b lem s 

a r e  o f  c o n s i d e r a b l e  im p o r ta n c e  and t h a t  th e  s o l u t i o n  to  them 

a w a i t s  t h e  c o m p le t io n  o f  a n a l y s e s  from  a n im a ls  o f  a  wide 

d i v e r s i t y  o f  s p e c i e s .  E x p e r ie n c e  i n  t h i s  work h a s  shown 

t h a t  t h e  m o s t  v a l u a b l e  r e s u l t s  w i l l  be a c h ie v e d  from th o s e  

a n im a ls  i n  w h ich  an a d e q u a te  d e g re e  o f  c o n t r o l  a s  regard©  

d i e t  h a s  b e e n  m a in t a in e d .  Many o f  t h e  r e s u l t s  o b t a in e d  on 

a n im a l s  would have  been  o f  su c h  g r e a t e r  v a lu e  i f  more 

i n f o r m a t i o n  h ad  been  a v a i l a b l e  r e g a r d i n g  t h e i r  d i e t  and s t a t e  

Of h e a l t h .  I d e a l l y ,  th e  b e s t  r e s u l t s  w i l l  be o b ta in e d  on 

h e a l t h y  a n im a ls  w hich  have l i v e d  i n  t h e i r  n a t u r a l  e n v i r o n m e n t , 

a  d e t a i l e d  a s s e s s m e n t ,  how ever, o f  t h e i r  d i e t  b e in g  a v a i l a b l e  

*• a  r e q u i r e m e n t  which w i l l  o b v io u s ly  be im p o s s ib l e  to  a c h ie v e  

i n  t h e  c a se  o f  many an im als#  A n o th e r  p o i n t  on w hich  

r e l a t i v e l y  l i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  i s  a s  r e g a r d s  th e  

c a u s e  o f  s e a s o n a l  v a r i a t i o n s  i n  f a t  c o m p o s i t io n  — th u s  a  

sam ple  o f  f a t  e x t r a c t e d  from  th e  t u r t l e  C helone  mydaa , i n



w i n t e r  was ' s u b s t a n t i a l l y  d i f f e r e n t  from t h a t  o b t a i n e d  from 

th e  summer f a t  ( G i r a l  and G ira l  1 9 4 6 ) .  I n  each  c a se  th e  

C o n te n t  o f  f a t  i n  t h e  t i s s u e s  d i f f e r e d  c o n s id e r a b ly  and i t  

i s  p r o b a b l e  t h a t  some f a c t o r  such a s  h i b e r n a t i o n  o r  p e rh a p s  

s e a s o n a l  v a r i a t i o n  o f  d i e t  may a c c o u n t  f o r  t h e s e  d i s c r e p a n c i e s  

The f o r e g o i n g  w i l l  d e m o n s t r a te  th e  need  f o r  f u r t h e r  

a d e q u a t e ly  c o n t r o l l e d  a n a l y s e s  i n  t h i s  f i e l d  b e f o r e  an 

e f f e c t i v e  d e g re e  o f  know ledge can b© c o l l e c t e d .

I I I .  A bout 40 a n a l y s e s  have  now b een  com ple ted  on v a r i o u s  

s p e c i e s  ( e x c l u d in g  m a r in e  ty p e s )  o f  animal© and a p e r u s a l  

o f  them shows a  d i s t i n c t  v a r i a t i o n  o f  c o m p o s it io n  w i th  

i o d i n e  v a l u e .  .With a  few e x c e p t i o n s  th e  ’h i g h e r 1 l a n d  

a n im a ls  h a v e  a  low  I .V I  and th e  i n t e r m e d i a t e  ty p e  have  an  

I .V .  b e tw e e n  65 and 9 0 . The r e s u l t i n g  d i f f e r e n c e  i n  

c o m p o s i t io n  can th u s  to  a  c e r t a i n  e x t e n t  be r e f l e c t e d  by th e  

I . V .  a s  w e l l  a s  by th e  s p e c i e s  o f  t h e  anim al* S u rv e y in g  

th e  w hole  f i e l d  and t a k i n g  each  a c i d  g roup  i n  t u r n  th e  

f o l l o w i n g  p o i n t s  a r e  a p p a r e n t j -

i )  ^14 a c ^ ^ ss *̂n  S@neral  t th e  c o n te n t s  o f  t h e s e

a c i d s  a r e  s m a l l  and t h e r e  d o e s  n o t  seem to  be any c o r r e l a t i o n  

be tw ee n  q u a n t i t i e s  o f  t h e s e  a c i d s  and I .V .  ( o r  s p e c i e s ) .  The 

u n s a t u r a t e d  a c i d s  a r e  n e g l i g i b l e ,  b u t  m y r i s t i c  a c i d  w i th  a  

few  e x c e p t i o n s ,  i s  p r e s e n t  i n  sm a ll  b u t  d e f i n i t e  am ounts i n  

m o st  f a t s  and v a r i e s  from  a b o u t  1 -6 #  -  a  good a v e ra g e  v a lu e  

b e in g  a b o u t  3 r .



i i )  0l 6  a c i d s :  W ith  a  few  e x c e p t io n s  ( e . g .  a n t e lo p e  f a t )  the

c o n t e n t  o f  p a l m i t i c  a c i d  re m a in s  f a i r l y  c o n s t a n t  w i t h i n  th e  

r e g i o n  24-30'# -  a  good a v e ra g e  v a lu e  b e in g  a b o u t  27# ( w t . ) 

a l t h o u g h  i t  s h o u ld  be  p o in te d  o u t  t h a t  t h i s  g e n e r a l i s a t i o n  

d o e s  n o t  seem to  h o ld  f o r  th e  a m p h ib ian s  and some o f  th e  

r e p t i l e ®  w here  th e  c o n te n t  t e n d s  to  be much low er*  T h is  

s u g g e s te d  a v e ra g e  f i g u r e  o f  27# ( w t . )  [ i . e .  28-29#  ( m o l . ) 3 

com pares  w i t h  th e  s l i g h t l y  h i g h e r  r a n g e  o f  30^3#( m o l . ) p u t  

fo rw a rd  by H i l d i t c h  and c o -w o rk e rs  [Banks and H i l d i t c h  1931; 

H i l d i t c h  and  L o n g en eek e r  1937 3 f o r  th e  ’h ig h e r*  l a n d  a n im a ls .  

The u n s a t u r a t e d  a c i d s ,  which a p p e a r  to  be l a r g e l y  

p a l m i t o l e i e  a c i d ,  a l th o u g h  p r e s e n t  i n  sm a ll  am ounts show

a  d e f i n i t e  te n d e n c y  to  d e c r e a s e  w i th  f a l l  i n  I .V .  T hus, 

f a t s  o f  t h e  •h ig h e r*  l a n d  a n im a ls  w i th  low I .V .  g e n e r a l l y  

c o n t a i n  l e s s  p a l m i t o l e i c  a c id  th a n  th e  ’ lower* a n im a ls  

w i t h  h i g h e r  I .V .  f a t s .  By p l o t t i n g  a  g rap h  o f  I .V .  a g a i n s t  

u n s a t u r a t e d  a c i d  c o n te n t  ( t h e  p o ly e th e n o id  c o n te n t  

i s  v e r y  s m a l l  o r  n o n - e x i s t e n t )  an a p p ro x im a te  s t r a i g h t  l i n e  

r e l a t i o n s h i p  be tw een  I .V .  and th e  a c i d  c o n te n t  i s  e v i d e n t ,  

and t h i s  c a n  be  g iv e n  by •Oqg* = (I*V . x  .0 7 5 ) # .

i i i )  a c i d s s  As t h e s e  a c i d s  g e n e r a l l y  co m p rise  o v e r  50# 

o f  t h e  f a t  i t  w i l l  be  c l e a r  t h a t  a  c o n s i d e r a b l e  amount o f  th e  

s a t u r a t i o n  and d e s a t u r a t i o n  p r o c e s s e s  t a k i n g  p l a c e  i n  n a t u r a l  

f a t s  w i l l  o c c u r  i n  t h e s e  a c i d s .  I t  h a s  b een  rem arked

(G u n s to n e  1955a) t h a t  i n  h e rb iv o r o u s  a n im a l  f a t s  a s  th e



i o d i n e  v a lu e  r i s e s ,  t h e  c o n te n t  o f  s t e a r i c  a c id  f a l l s  and 

t h a t  o f  o l e i c  a c i d  r i s e s #  In  th e  h i g h e r  r a n g e  o f  i o d i n e  

v a l u e s  s u b s t a n t i a l  am ounts o f  o e t a d a c a d i -  a n a - t r i e n o i c  

acid®  b e g in  to  a p p e a r .  T h is  s t a te m e n t  a l s o  seems to  be 

b r o a d l y  t r u e  o f  a l l  an im al f a t s  which have  an I.V# o f  a b o u t  

90 o r  l e s s *  I n  t h e  h i g h e r  I .V ’. f a t s  th© a p p e a ra n c e  o f  

^2 0 -2 2  u n 8 a ^u r a ^e<̂  a c i d s  c o m p l ic a te s  t h i s  p a t t e r n .  F u r t h e r  

c o n s i d e r a t i o n  o f  th e  u n s a t u r a t e d  a c i d s  b r i n g s  to  l i g h t  

a n o t h e r  i n t e r e s t i n g  f a c t .  I t  i s  n o t i c e a b l e  t h a t  on 

s u r v e y in g  a l l  t h e  f a t s  t h a t  have  been  a n a ly s e d ,  i n  r e l a t i o n  

t o  t h e i r  I . V . , t h a t  f a t s  o f  I .V .  35 to  a b o u t  65 show f a i r l y  

s i p t l l  q u a n t i t i e s  o f  p o l y u n s a tu r a t e d  C^g a c i d s  (0 -6 # )  f t h e  

c o n t e n t  o f  o l e i c  a c i d  b e in g  ro u g h ly  c o r r e l a t e d  to  th e  

i n c r e a s e  i n  I .V .  However a t  a b o u t  I .V .  6 0 -6 5 ,  th e  c o n t e n t  

o f  p o l y u n s a t u r a t e d  a c i d s  i n c r e a s e s  and th e  c o n te n t  o f  o l e i e  

a c i d  a l th o u g h  v a r i a b l e  t e n d s  to  f a l l .  T h is  i s  shown i n  

f i g u r e  5 vdiere th e  I .V .  i s  p l o t t e d  a g a i n s t  th e  p o l y u n s a tu r a t e d  

a c i d  c o n te n t  ( i . e .  o o ta d e c a d i - a n d  t r i e n o i c  a c i d ) .  The 

v a l u e  o f  60-65  f o r  th e  I.V* a t  which t h i s  change o c c u r s  

seem s r a t h e r  s i g n i f i c a n t ,  and a  p l a u s i b l e  e x p la n a t i o n  would 

b e  i n t e r e s t i n g .  The S .E .  o f  an an im al f a t  i s  to  be found  

v e r y  o f t e n  i n  th e  r e g i o n  o f  280; t h u s  c o n s i d e r i n g  one 

t y p i c a l  g l y c e r i d e  m o le c u le  c o n ta in i n g  two d o u b le  bonds 

[ e . g .  G(SU2 ) 3 i t s  I .V .  w i l l  be  a p p ro x im a te ly  127 x  4 / 3x230~  63 

F u r t h e r ,  s i n c e  m oat an im al f a t s  g e n e r a l l y  c o n ta in  a b o u t
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30$  o f  O x a c i d s  (m o s t ly  p a l m i t i c )  find be tw een  35~65y 

o f  C^g a c i d s ,  a c c o r d in g  to  th e  even d i s t r i b u t i o n  r u l e  

( H i l d i t c h  1949) a  t y p i c a l  g l y c e r i d e  m o le c u le  o f  an an im a l  

f a t  w i l l  c o n t a i n  one r e s i d u e  o f  a c id  ( i . e .  p a l m i t i c  a c id )  

and  two o f  Q^q a c i d s .  The above r e a s o n in g  seems to  s u g g e s t  

t h a t  i n  t h e  d © s a t u r a t i o n  p r o c e s s e s  o c c u r r i n g  i n  f a t s ,  a  

s t a g e  i s  r e a c h e d  when m ost o f  th e  g l y c e r i d e  m o le c u le s  i n  

t h e  f a t  w i l l  be p a l m i t o - d i o l e i n  i . e .  a t  I .V ,  6 0 -6 5 , When 

t h i s  h a p p e n s  any i n c r e a s e  i n  I .V ,  seems to  be b ro u g h t  a b o u t  

by  t h e  f o r m a t io n  o f  a p o ly e th e n o id  r e s i d u e  and n o t  by 

d e s a t u r a t i o n  o f  t h e  p a l m i t i c  a c i d  r e s i d u e .  T h is  s u p p o s i t i o n  

c a n  be  s t a t e d  i n  th e  o p p o s i t e  way and p r o v id e s  a th e o r y  o f  

f a t  f o r m a t io n  which m ig h t  be w orth  f u r t h e r  c o n s i d e r a t i o n s -

Sine® th e  I .V ,  * & o f  t h e  d i e t a r y  f a t s  o f  m ost a n im a ls  a r e  

r a t h e r  h i g h e r  t h a n  t h e i r  d e p o t  f a t s ,  t h i s  seems to  s u g g e s t  

t h a t  t h e r e  i s  some mechanism r e s p o n s i b l e  f o r  th e  h y d r o g e n a t io n  

o f  t h e  u n s a t u r a t e d  a c i d s  i n  th e  exogenous f a t ,  t h i s  b e in g  

m o s t  d e v e lo p e d  i n  t h e  h i g h e r  a n im a ls  such  a s  • ru m in a n ts*  •

The d e g re e  o f  h y d r o g e n a t io n  o f  t h i s  exogenous f a t  su p e r im p o sed  

o n  t h e  en dogenous f a t ,  p ro d u ced  s y n t h e t i c a l l y  from c a rb o 

h y d r a t e  and o t h e r  s m a l l e r  u n i t s ,  g iv e s  t h e  f a t  c h a r a c t e r i s t i c  

o f  t h e  s p e c i e s .  Thus th e  fa t©  o f  r e p t i l e s ,  b i r d s  and 

e s p e c i a l l y  r o d e n t s  do n o t  a p p e a r  to  be a b le  to  h y d ro g e n a te  

t h e i r  d i e t a r y  f a t  to  any c o n s i d e r a b le  e x t e n t , and th e s e  

a c i d s  c o u p le d  w i th  a  c e r t a i n  m o u n t  o f  a c i d s  form ed by



i n t e r c o n v e r s i o n  ( s e e  S h o r la n d  1955) g iv e s  th e  f a t s  o f  I .V ,

6 0 -9 0  c h a r a c t e r i s t i c  o f  t h e s e  g roups o f  a n im a ls .  The

m ore d e v e lo p e d  a n im a ls  ( o r  a n im a ls  w i th  f a t s  o f  I .V .  65 o r  l e a a )

show more t e n d e n c y  to  h y d ro g e n a te  t h e i r  d i e t a r y  f a t t y  a c i d s .

I n  a n im a ls  w i t h  f a t s  o f  I .V .  6 5 -9 0 ,  th e  h y d ro g e n a t io n  o c c u r s  

m o s t ly  i n  t h e  p o l y u n s a t u r a t e d  a c i d s ,  th u s  g iv in g  f a i r l y  s m a l l  

q u a n t i t i e s  o f  s t e a r i c  a c i d .  At I .V ,  65 th e  f a t  w i l l  c o n s i s t  

m o s t ly  o f  g l y c e r i d e  m o le c u le s  c o n ta in i n g  one s a t u r a t e d  and two 

m o n o u n s a tu r a te d  r e s i d u e s .  F u r t h e r  h y d ro g e n a t io n  can  th e n  

o n ly  be c a r r i e d  o u t  on th e  m o n o u n sa tu ra te d  (C-^g) a c i d s ,  t h u s  

g i v i n g  an  i n c r e a s e  i n  th e  s t e a r i c  a c id  c o n te n t  ( c f .  Guns to n e  

1955a* H i l d i t c h  19471)* I t  i s  em p h as ised  t h a t  t h i s  p r o c e s s  

w i l l  p r o b a b ly  be o n ly  one o f  s e v e r a l  c o m p l ic a te d  r e a c t i o n s ,  

and  i n  s p i t e  o f  some f a t s  w hich do n o t  a t  f i r s t  s i g h t  a g re e  

w i t h  t h i s  schem e, i t  o f f e r s  a p l a u s i b l e  e x p la n a t i o n  o f  m ost 

o f  t h e  o b s e rv e d  r e s u l t s .

I n  s p i t e  o f  t h i s  comp i c a t e d  p a t t e r n  f o r  th e  C1Q u n s a t u r 

a t e d  a c i d s ,  on p l o t t i n g  a  g ra p h  o f  I .V .  a g a i n s t  u n s a t u r a t e d  

©IQ c o n t e n t  an  a p p ro x im a te  s t r a i g h t  l i n e  r e l a t i o n  was o b s e r v e d ,  

g iv e n  by th e  e x p r e s s io n  •C^q* « (35 + I . V . )  x  0 .5 4 .  On 

p l o t t i n g  th e  I .V .  a g a i n s t  s t e a r i c  a c id  c o n t e n t ,  b e c a u s e  o f  th e  

phenomenon o f  s e l e c t i v e  h y d r o g e n a t io n  a b o u t  I .V .  6 0 -6 5 ,  a  

s im p le  s t r a i g h t  l in ©  c o r r e l a t i o n  was n o t  a p p a r e n t .  However, 

by c o n s i d e r i n g  f a t s  o f  I .V .  g r e a t e r  t h a n  63 i n  a  s e p a r a t e  

c a t e g o r y , two e x p r e s s io n s  w ere  e v o lv e d * —
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For f a t s  o f  I.V* g r e a t e r  t h a n  63 , th e  s t e a r i c  a c id  c o u ld  be 

g iv e n  b y  t h e  e x p r e s s i o n  C18°  = 15 -  I .V . x 0 .1 2 5  and f o r  f a t s  o;f 

I . V .  l e s s  t h a n  63, by th e  e x p r e s s io n  C-j^ « 45 -  I .V . x  0*55 .

i v )  ^20-22  a c I d s ;  A r a e h id i c  a c i d  a l th o u g h  p r e s e n t  i n  some 

fa t©  i s  n o t  t h e r e  i n  any s u b s t a n t i a l  amount, and i t s  p r e s e n c e  

d o e s  n o t  seem to  depend  on I.V* -  a  s i m i l a r  o b s e r v a t i o n  can  

be made r e g a r d i n g  b e h i n i e  a c i d  w hich  o c c u r s  o n ly  r a r e l y .  S h e  

^ 2 0 -2 2  u n s a '^u r a ‘be<̂  a c i d s  a r e  n e a r l y  a lw ays p r e s e n t  i n  sm a ll  

am ounts  i n  th e  f a t s  o f  i n t e r m e d i a t e  I .V .  and a l th o u g h  a r a c h i d -  

o n !  e  a c i d  h a s  been  d e s c r i b e d  a s  an e s s e n t i a l  a c i d  ( e f .  T u r p e i n -  

en 1938} t h e r e  have been  a few a n a l y s i s  i n  w hich  ^20-22 

u n s a t u r a t e d  a c i d s  have  n o t  b een  d e t e c t e d .  As th e  an im al 

become© more m a r in e  i n  c h a r a c t e r  ( e . g .  an  am ph ib ian )  th e n  t h e  

c o n t e n t  o f  t h e s e  a c i d s  g e n e r a l l y  i n c r e a s e .  However i n  th e  

f a t s  u n d e r  c o n s i d e r a t i o n  i n  t h i s  c a se  ( i . e .  I .V .  l e s s  th a n  9 0 ) ,  

t h e  p r e s e n c e  o f  ^20-22  'un3a^u r a ^e<i a c i d s  can  be n e g l e c t e d .

U s in g  th e  s im p le  r e l a t i o n s h i p s  d e r iv e d  above ( i . e .

014° * 35S5 Cl 6 °  = 27>jj 'C1 6 ‘ = 1.7. x .075! '018' =
(35 + 1.7.) x  0.54! C i 8 °  =  15-1.7. x 0.125 ( i f  1.7. ^  63)}

C18°  = 45 -  1 . 7 .  x  0.55 ( i f  1 . 7 .  <  6 3 ) ,  i t  th u s  seems

p o s s i b l e  t o  p r e d i c t  th e  a p p ro x im a te  c o m p o s i t io n s  o f  an im al f a t s  

u s i n g  t h e i r  I . V . # s  o n ly  ( i f  th e s e  a r e  l e s s  th a n  9 0 ) .  In  t h i s  

way th e  c o m p o s i t io n  o f  th e  an im al f a t s  exam ined i n  t h i s  s tu d y  

w ere c o m p u t e d  u s i n g  t h e s e  e x p r e s s i o n s ,  and a f t e r  c o r r e c t i n g  

to  1 0 0 $ , w ere  compared w i th  th e  o b s e rv e d  r e s u l t s  a s  i n  f a b l e  

15 .



f a b l e  15 -  A p pro x im ate  C a l c u l a t i o n  c f  F a t  C o n te n t  ($  w t . )

from  I » ¥ .

A cid
P o r c u p i ne Flam ingo H a b b i t

A c tu a l S a l c u l a t e d . A. 0 . A. c .

( I o d i n e  V a lu e ) 5 0 .3 - 65 .8 - 7 6 .9 mm

M y r i s t i c 5 3 - 3 3 3

P a l m i t i c 36 28 25 28 25 27

S t e a r i c 12 18 8 7 6 5

U n s a tu r a t e d 6* 4 5 5 8 6

U n s a tu r a t e d  C^g 41 47 60 57 58 59

U n s a tu r a t e d  CgQ — — 2 — ■ - -

-j:- I n c l u d e s  u n s a t u r a t e d  0 -^  a c i d s

P e r u s a l  o f  t h i s  t a b l e  shows t h a t  r e a s o n a b l e  a g re e m e n t  

p r e v a i l s  e x c e p t  i n  t h e  c a s e  o f  t h e  s a t u r a t e d  a c i d s  o f

p o rc u p in e #  How ever, t h e  v a l i d i t y  o f  t h e s e  c o n j e c t u r e s
/

a w a i t  t h e  f u r t h e r  p u b l i c a t i o n  o f  a n a l y s e s  on  a n im a l  f a t s #



O s t r i c h C r o c o d i l e A n te lo p e Mouse

A# C. A. C. A. C. A. G.

8 0 .4 - 8 0 .5 « 8 3 .6 « 8 6 .8 -

1 3 3 3 3 3 • 3

25 26 27 26 21 26 27 25

6 5 5 5 4 4 3 4

7 6 8 6 9 ! 6 6 7

61 60 53 60 63 61 63 61

— mm 4 — •* *“ 1 *■





C om plete  e x p e r im e n ta l  d e t a i l s  o f  a l l  th e  an im a l  f a t  a n a ly s e *  

a r e  g iv e n  i n  t h i s  s e c t i o n ,

A. A n a ly s i s  o f  C ro c o d i le  f a t  (See page  23 )

f a b l e  16 ** C h a r a c t e r i s t i c s  o f  C ro c o d i le  F a t

F a t Mixed A c id s

I .V . S .B . P .F .A .
( a s  o l e i c )

I .V . S . S.

G. p o r o s u s  

C* n i l o t i c u s

80*5

9 3 .3

27 8 .9

283 .2

3*4

0 .4

8 3 .9

9 6 .8

2 6 7 .4

2 7 1 .5

f a b l e  1?  -  F r a c t i o n a l  C r y s t a l l i s a t i o n  o f  0* p o ro s u s  Fat*

( c o r r e c t e d  w e ig h t s ) .

M ixed A c id s  206.6grru I .V .  83*9

&0 x  MeOH 40°C

I n s o l u b l e  126*6gra* I.V# 44*8

I n s o l u b l e  68.5gm . I .V .  10*3 

( F r a c t i o n  A)

— 1
S o l u b l e  80»0gnu l . Y .  1 4 3 .5

10 x  MeOH -2 0 *0

V

I
S o lu b le  58*lgm . I .V .  8 5 .8  

( F r a c t i o n  B)

68^5 58?1 80 ?0

$  w t .  o f  t o t a l 3 3 .2 2 8 .1 3 8 .7

I .V . 1 0 .3 8 5 .8 1 4 3 .5



D e t a i l s  Qf t h e —e^ste r  d i s t i l l a t i o n s  and th e  f i n a l  c a l c u l a t i o n s  

Of th e  r e s u l t s  f o r  C. p o ro s u s  f a t  a r e  g iv e n  i n  S a b le s  1 -4  

(page® l o  - 22 ) .

I n  a d d i t i o n  to  t h e  u n s a t u r a t e d  acid© d i s c u s s e d  on page 24 

t h e  f o l l o w i n g  s a t u r a t e d  a c i d s  w ere  i d e n t i f i e d  i n  G. po ro  su s  

f a t *

P a l m i t i c  a c i d  m .p t .  6Q-62°C.

S t e a r i c  a c id  m .p t .  6 6 -6 7 °C.

M ixed s u p t s .  w i th  a u t h e n t i c  sam p les  gave no d e p r e s s io n .

S a b le  18 -  f r a c t i o n a l  C r y s t a l l i s a t i o n  o f  0 .  n i l o t i o u s  f a t

( c o r r e c t e d  w e ig h ts )

Mixed a c i d s  202.6gpu l .Y *  96*8

10 x  MeOH -4 5 ° 0

I n s o l u b l e  100 .2gm . I.V* 39*6 

10 m MeOH _ _ _ _ _

S o lu b le  102.4g® . 1*V* 153*3 
( F r a c t i o n  C)

-2 0  °C

I n s o l u b l e  62*3 I.V* 9*4 
( F r a c t i o n  A)

S o lu b le  37.9gm . I .U .  89*5 
( F r a c t i o n  B)

F r a c t i o n A B 0

W eigh t (gnu) 62 .3 3 7 .9 1 0 2 .4

$  wt« o f  t o t a l 3 0 .8 1 8 .7 5 0 .5

I .V . 9 .4 8 9 .5 1 5 3 .1
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Table 19 — Distillation of A esters from C. niloticus fat

Mo. w e ig h t
gm. Io T . S .B . 0 ,4 °14

^ o
16 f* ° 18

O 
i

OCM
° c  116 *0 *°18 M.S.

- 1 2 .5 2 2 .4 254.3 1 .3 7 1 .0 9 - mm 0 .0 6 — -

2 2 .8 5 3 .2 27 0 .1 mm 2 .7 5 - mm 0 .1 0 - -

3 3 .2 2 2 .0 2 7 0 .8 mm 3 .1 5 mm mm 0 .0 7 - -

4 2 .8 7 1 .6 2 7 0 .8 2 .8 2 - 0 .0 5 - -

5 2 .8 6 1 .7 271 .5 • 2 .8 1 0 .0 5 -■

6 3 .2 4 1 .5 27 0 .9 - 3 .1 9 mm m « .0 5 - -

7 3 .3 2 1 .1 27 0 .3 3 .2 8 - - 0 .0 4 mm -

8 3 .3 6 o . ; 2 7 0 .4 mm 3 .3 4 - «•» 0 .0 2 - -

9 3 .3 5 0 27 1 .0 - 3 .3 5 * mm - •

10 2 .6 3 0 .5 2 7 1 .2 - 2 .6 2 mm mm 0 .0 1 mm

11 2 .8 5 0 .3 27 0 .5 - 2 .8 4 mm 0 .0 1 -

12 3 .4 1 0 .7 271 .5 - 3 .3 6 - - 0 .0 3 - . -

13 3 .0 6 4 .6 275.0 mm 2 .5 1 0 .3 9 p» mm 0 .1 6 -

14 3 .1 3 2 9 .7 29 0 .0 mm 0 .8 2 1 .2 7 - 1.G4 -

15 2 .5 9 4 0 .2 295 .6 - 0 .1 6 1 .2 7 - - 1 .1 6 *

16 3 .2 1 28.2 297.1 - 0 .0 1 2 .1 9 - - 1 .0 1 *

17 4 .2 2 2 7 .0 313 .0 .. 0 .6 ? 2 .2 7 1 .2 7 0 .0 1

T o t a l s  5 2 . 69 1 .3 7  3812 5 .7 9 2 .2 7 0 .4 9 4 .6 4 0 .0 1

$  Es t e r  b 2 .6 0  72 34 10,99 4 .3 1 0 .9 3 8 .8 1 0 .0 2

fo A c id s 2 .5 8 72.25H-C3 4.35 0.93 8 .84 0 .0 2

K. f r a c t i o n  (3 0 .8 ) 0 .7 9 22 .25  340 1 .3 4» n rufl* mtwrrr0.29 2.72"* 0 .0 1
»  2 .6 0  C jo1 ; 0 .1 2  C]_g . F r a c t i o n  A15 when i s o m e r i s e d  a t  
1 8 0 ° /6 0 m in .  had  a t  234mpi o f  1 8 .5 .  U.V. a b s o r p t i o n  a t

o th e r  w aveleng ths, and when uniB om erisea was n e g lig ib le *
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Table 20 — D istilla tio n  o f  B esters from (3. n ilo ticu s fa t

w e ig h t  
Ho# ©nf X *1T« S .E . C c. 0,14 16 14 w16 °1 8 l:L*020*H- S '

1 2 ,5 1  7 .5

2 2 ,8 7  5 6 .5

3 3 ,3 0  5 9 .5

4 3 ,2 1  8 3 ,3

5 3 ,2 3  8 9 .3

6 2 .8 7  9 0 ,0

7 3 .0 4  8 9 ,8

8 2 .8 1  9 0 .4

9 2 .7 4  9 0 .7

10 2 ,9 3  8 9 .7

H I  2 .5 7  8 9 .1

12 2 ,4 6  8 9 .8

,13 2 .8 0  1 6 0 .0

2 4 4 .4

26 3 .5  

2 7 6 .4

29 3 .0

2 9 5 .8

2 9 5 .0

296.1

29 4 .9  

2 9 5 .1  

296.0

2 9 4 .9  

296.0  

3 2 4 .8

2 .2 2  0 .1 0  0 ,0 8  0 .1 1  

0 .0 7  1 .1 5  0 ,4 7  1 .1 8

1 ,1 7  

-  0 .2 3

T o t a l s  3 7 .3 4

f» E a t e r s  

$  A c id s

' F r a c t i o n  ( 1 8 .7 )

1,21 0.88 0*04 ■ 

0,24 2.62 0.12 -

-  3,09 0.14 -  -  ;

-  2.75 0.14 -  —

2.89 0.15 -

-  2.66 0,15 -

-  2.58  0.16

2.79 0,14 

2.47  0.10  

2.34  0.12

0.70 0.03 iv9B 0.09

2 .2 9  2 .65  0 .5 5  2 .7 4  25.75 1 .2 9  1 .9 8  0.095

6 .1 3  7 .1 0  1 .4 7  7 .3 4  6 a 97 3 .4 5  5 .3 0  0 .2 4

6 .0 7  7 .0 7  1 .4 5  7 .3 1  6307  3 .4 5  5 .3 3  0 .2 5

1 .1 4  1 .3 2  0 .2 7  1 .3 6  1281 0 .6 5  1 .0 0  0 .0 5
ii■     «'n !■■■» m n— ■ininmiiniiiyBMM,w«is«iw iw iiM»w>,ia s i i      m m m m m m m m m — mmmmmmmm

I s o m e r l s a t i o n  D a ta

,t.T. „,(aqida) at 23^  ?1 ^  at 268^
B9 9 6 .2  4 2 .7  7 .7 *

I s o a a e r i s a t i o n  was c a r r i e d  o u t  a t  180°C f o r  60 m in u te s  w i th
s t a n d a r d  p r o c e d u r e .  U .T. a b s o r p t i o n  o f  im is o m e r is e d  f r a c t i o n
was n e g l i g i b l e .  *  I n  g e n e r a l ,  i f  t h i s  v a lu e  i s  g r e a t e r
th a n  "^ie i s o m e r iB a *i o n  i s



Table 21 - Distillation of C esters from Q. niloticus fat

Ho •
.aafwwin* ■> m>— fnw.i;na< k -ki

w eigh t x T
gm.

CJ T?# -ij* "C146 ~
rc O 
°16 h .4

( X  1 
16

1 3*02 31.8 243.6 2.10 0*71 0 .2 0
2 2.98 75 .2 260.6 0.70 0 .06 0 .1 1 2 .0 2
3 2*82 95.7 265.1 0 .09 0 .0 7 0 .2 1 2 .3 4
4 2.93 98.8 266*4 — 0.0 8 mm 2 .7 3
5 2 .8 ? 98.1 267.5 - 0 .07 m 2 .6 7
6 2.79 96.9 267.5 - 0 .07 mm 2 .6 0
7 2 .84 95.4 268.0 - 0 .07 mm 2 .6 5
0 3.51 94.4 274.7 0 .07 mm 2 .4 4Q«/ 3.25 107.3 288.0 0 .0 2 0m 0 .7 8

10 3.46 130.0 2 9 1 .2 m — mm —
11 3.38 130.9 293.2 mm *«* mm -
12 3.54 130.5 293.3 mm mm -
13 2.84 130.2 292.5 mm - 0m — .
14 3.25 130.5 292.5 — 0m -
15 3 .50 129.3 293.7 - mm m
16 3.01 128.0 213.9 — mm mm mm
17 3.72 128.6 294.1 - mm mm mm
IS 3.77 137.0 297.0 - mm m mm
19 3.63 212.6 313.5 — m. mm mm
20 3.12 225.3 322.4 ' - — mm mm
21 2.32 297.1 335.5 - mm mm
22 6.50 278.0 372.0 _ — mm m

T o ta ls  73*03 2.89 0 .51 1 .03 18.43
f- Ester® 3.96 0 .70 1 .41 25.23
$ A cids 3 .92 0.69 1 .40 25*11

F ra c tio n  (5 0 .5 ) 1 .98 0 .35 0 .71 12*68

Ia o m e ris a tlo n  D ata ( i^ * ^  v a lu ee )
f r a c t io n I .V . (a c id s ) 234m# 268m]u 300mn 315mu 346mn

05 102.3 35 .0 11 .4* — . - —

014 135.0 266.5 7C.9" — « .  ■ -

C20 234.9 386.5 207.4 82 .0 73 .0 14 .5
021 307.2 409.1 231.1 123.8 116.3 44 .9

# These v a lu e s  were m easured a f t e r  17Q°/15 m in. -  th e  rem
a in d e r  a f t e r  180°/SO  m in. The IT.V. a b s o rp tio n s  o f  f r a c t io n s  
05 and 014 u n isom erised  were n e g lig ib le *
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r  11 
°16 n 1U16

n 1
18

n 11 
°18

n 111 
318 *c t

20 *& *°22 I .S . ‘

0*01 mm mm «*
0 .0 5 0*04 mm mm mm «•» m
0.06 0 ,0 5 «n» mm - «. — ***
0.07 0 ,0 6 *■» mm *• «*• —
0 .0 7 0 ,  Do «•* mm -
0 .0 6 0 ,0 6 - mm •*# —
0 ,0 7 0 ,0 5 mm mm - -
0 .0 6 0 ,0 5 0 ,5 7 0*21 0.11 —
0,02 0,02 1*53 0 .5 7 0 ,3 1 - —
«•» *• 2,20 0 ,8 2 0 .4 4 mm —
- 2 ,1 5 0 .8 0 0 .4 3 « -

Mpl» ‘ 2*25 0 .8 4 0 .4 5 — . - ■ —
** «■» 1 ,8 0 0,68 0,36 - —

' — 2 .0 6 0 .7 7 0 .4 2 — wm -
mm 2.22 0 .8 3 0 ,4 5 — -

**• mm 1.90 0 .7 2 0 ,3 9 - -
mm 2*35 0 .8 9 0.48 - —

** - 2 ,2 4 0 ,8 4 0 .4 5 0 .2 4 - “
«■» 0 ,6 1 0 .2 3 0.12 2. 6? - —

f** ** *. •w -» 3.12 •*» IP
*■» •* - — 2.21 0.11

- r «* 6 .0 5 0 ,4 5

6 .4 7 0.30 21*88 8.  20 4*41 8 .2 4 6 .0 5 0 .5 6
0*64 0 ,5 2 29*94 1 1 .2 3 6 .0 4 1 1 ,2 8 8*28 0 .7 7
0 ,6 4 0 .5 1 2 9 ,9 7 1 1 .2 3 6.04 1 1 .3 3 8 .3 5 0 .8 1
0*32 0 .2 6 1 5 ,1 3 5*67 3 .0 5 5*72 4 .2 2 0 .4 1



fable 22 - Component acids of C. niloticus fat

A cid A B c T o ta l
1* w t.

Excluolin g  U n sa p o n if 
i a b l e

S a t u r a t e d
% T i s H e 0 .7 9 1 .1 4 1 .9 8 3.91 3 .93 4 .6 9

P a l m i t i c 22.25 1 .3 2 0 .3 5 23 .92 24 .03 25.55

S t e a r i c 3 .4 0 - 3 .4 0 3 .42 3 .2 8

A r a c h i d i c 1 .3 4 — 1 .3 4 1 .3 5 1 .1 8

U n s& tu ra te d  
§ @ tra d e c e n o ic mm 0 .2 7 0 .7 1 0 .9 8 0 .9 8 1 .1 8

H ex ad e o en o ic 0 .2 9 1 .3 6 1 2 .6 8 1 4 .3 3 14 .4 0 1 5 .4 3

H e x ad e ca d i  eno i  c - • - 0*32 0 .3 2 0 .3 2 0 .3 4

H exad e ca t r i  eno i  c - - 0 .2 6 0 .2 6 0 .2 6 0 .2 8

O c ta d e c e n o ie 2 .6 0 1 2 .9 1 1 5 .1 3 30 .6 4 30 .79 29 .7 0

O e ta d e c a d ie n o ic 0 .1 2 0 .6 5 5 .67 6 .4 4 6 .47 6 .2 9

0 c t  ad e c a  t  r  i  eno i  e - - 3 .0 5 3 .0 5 3 .0 6 3 .0 0
4 . .

As ’ e ic o s e n o ie * - 1 .0 0 5 .7 2 6 .7 2 6 .75 5 .7 4
*4“ j

As ‘d o c o sen o ic * - - 4 .2 2 4 .2 2 4 .2 4 3 .3 4
U n s a p o n i f i a b l e 0 .0 1 0 .0 5 0 .4 1 0 .4 7 - -

+ A verage  u n s a t u r a t i o n  — 5 .8H . ++ A verage u n s a t u r a t i o n  — 7 .9 H*

I n  a d d i t i o n  to  th e  u n s a t u r a t e d  a c id s  d i s c u s s e d  on page  24 f t h e  

f o l l o w i n g  a c i d s  were i s o l a t e d  from a p p r o p r i a t e  f r a c t i o n s  o f  

0 .  n i l o t i c u s  f a t s -  M y r i s t i c  a c id  m .p t .  50—52 C.$ p a l m i t i c  

a c i d m . p t .  6 3 -6 4 ° C .j  s t e a r i c  a c i d m . p t .  6 8 -6 9 °0 .  Mixed

m .p ts *  w i th  a u t h e n t i c  sam ples  gave no d e p r e s s i o n s .  A ttem p ts  

to  s e p a r a t e  a r a c h i d i c  a c id  i n  a s u f f i c i e n t l y  p u re  s t a t e  were 

u n s u c c e s s f u l  * See a l s o  P a r t  I I  ( p a g e )•



Ji An8,'L~'yrse e  qI‘_ QB.GP j-Qi'i Flamingo F ats (866 page 33 )

g a b l e .,21 -  C ^ r a o t e r i s t i c s  o f  O s t r i c h  and  Flam ingo F a ta

I
I .V .

'AT
S .E .

F .F .A .
a s ’

o l e l e

I .V .  o f  
Mixed 

kai ds
O s t r i c h

F lam ingo

8 0 .4

6 5 .8

28 2 .8

283 .0

2.X

4 .2

8 3 .4

6 7 .9

T ab le  24 -  F r a c t i o n a l  C r y s t a l l i s a t i o n  o f  O s t r i c h  F a t
( o o r r e c t e d  "w t¥ I )

10 x  MeOH

Mixed A c id s  197»6@n. I .V .  8 3 .4

-  40°0

I n s o l u b l e  137.5gm . I .V *  5 2 .9

10 x  MeOH

S o lu b le  6C.lgm. I .
134*9 

( F r a c t i o n  0)

-20°C

I n s o l u b l e  1 1 .5 m *  2 1 .1

( F r a c t i o n  A) 

i . e .

S o lu b le  6Q*0gn. I .V  
94*4 

( F r a c t i o n  B)

F r a c t i o n A @ 0

W eight (gm.)
m m m

% w t . o f  t o t a l  
I .V . 21 .1 94 .4 1 5 4 .9



g a b le  25 ~ f r a c t io n a l  Cry g t a l l t s a t io n  o f  Flamingo Fait
(c o r r e c te d  w ts*)

Mixed Acid® 61*6gm, I*?#  67*9

10 x  MeOH ►65°C

I n s o l u b l e  52*7 gffl* 1*7* 56*9

10 X MeOH

I n s o l u b l e  1 8 .6 g au  1*7* 2 .8  
( f r a c t i o n  A)

S o lu b le  8«9gm. 1*1 
(F r a c tio n  0)

‘20°G

S o lu b le  34.1gau 1.1 
(F r a c tio n  B)

i* e ,

f r a c t i o n A B C

w e ig h t  (gm). 1 8 .6 3 4 .1 8 .9

#  wt* o f  t o t a l 30*2 5 5 .4 14*4

1*7* 2 .8 87*2 1 3 1 .5

• 131 .5

. 87.2



«r <(WK»HnU»»T»Pt»a' >l

110 w t .
gm. I .V . S .B . r  ° 

14
P ° 

16 CI8 °  1
n © 
*20 C16X

C 118 C18U  M.S.
1 2 .7 4 2 .1 2 6 8 .3 0 .1 3 2 .5 0 - * 0 .0 6 — - •
2 2 .9 2 1 .6 2 7 1 .2 — 2 .8 7 - - 0 .0 5 * « -
3 3 .0 8 1 .6 2 7 1 .9 3 .0 3 - - 0 .0 5 - - -

4 3 .4 0 1 . 5 2 7 0 .9 3 .3 5 - 0 .0 5 - - -
5 3 .3 5 1 .4 2 7 1 .8 * 3 .3 0 - 0 .0 5 - -

6 2 .8 3 1 .8 2 7 1 .9 - 2 .7 8 - -• 0 .0 5 -

7 3 .1 3 1 .8 27 1 .0 - 3 .0 7 m ~ 0 .0 6 * - •

8 3 .6 9 2 .8 2 7 1 .9 - 3 .5 8 4m mm 0 «11 - mm -
9 2 .9 9 2 .1 2 7 0 .0 - 2 .9 2 - mm 0 .0 7 mm hm -

10 3 .6 0 2 7 .0 2 7 9 .3 • 2 .31 0 .2 0 - - 1 .0 5 0 .0 4 -
11 3 .4 1 5 9 .8 29 4 .6 - 0 .2 8 0 .8 4 ~ «. 2*20 0 .0 9 -
12 3 .5 2 5 6 .3 2 9 7 .3 mm - 1 .3 5 - 2 .0 9 0 .0 8 -

13 2 .9 9 5 2 .5 2 9 7 .7 - 1 .2 3 - - 1 .6 9 0 .0 7 -

14 3 .3 2 46.6 2 9 7 .9 - - 1 .5 8 - - 1 .6 7 0.07 -

15 2 .6 7 3 7 .3 2 9 8 .4 mm 1 .5 5 - mm 1 .0 8 0 .0 4 -
16 1 .7 4 2 5 .7 3 1 3 .7 ~ - 0 .7 0  0 .5 6 - 0 .4 2 0 .0 2 0 .0 4

1 'o t a l s  49 s 36 0 .1 8 29.99 7 .4 5  0 .5 6 0 .5 5 1 0 .2 0 0 .4 1 0 .0 4

io E s te r® 0 .3 6 60 .7 4 1 5 i0 9  1 .1 3 1 .1 1 20 .66 0 .8 3 o . o s

$> A c id s 0 .3 6 60 .6 2 1 5 .1 4  1 .1 4 1 .1 1 20 .72 0 .8 3 0 .0 8

^  F r a c t i o n (3 9 .2 ) 0 .1 4 23 .76 5 .9 3  0 .4 5 0 .4 4 8 .1 2 0 .3 3 0 .0 3

S r a o t i o n  AX2 ( I . V .  o f  a c id s  5 7 .5 )  had E ^ m o f  2 1 .8  a t  234ap.

a f t e r  i s o a e r i s a t i o n  a t  180°G /60  Biin. $ U«V. o f  u n i s o m e r i s e d  

f r a c t i o n  b e in g  n e g l i g i b l e .



g a b le  -27 «*• D is t i l l a t i o n  o f  B e s t e r s  from o s t r i c h  f a t

w t. 
Do. gm* I .V .

'c p. .u . r  °u14 °16 0 1 14
„  1 
°16

rt 1 
18 018 t n *20 H .S .

1 2*81 48.0 266*0 0.09 0 .67 0.22 1.83 mm mm
2 2 .64 62.6 278.3 - 0*46 mm 1.25 0.83 0 .10 -
3 2.97 92 .2 294.5 - 0 .05 - 0 .13 2.48 0.31 -
4 3 .48 95 .3 295.4 mm - . mm 3.09 0.39 - —
5 3 .66 94.9 296.6 m, « - 3.27 0.39 mm

6 3 .54 94.9 296.5 — . — 3.16 0.38 -
7 3.44 94 .8 295.4 - - ~ ) 9.01 1.06 - —
8 3 .12 9 4 .S 295.6 - - - -  \ — ~
9 3.51 94 .8 295.4 - - — —

10 2 .69 94.2 295.2 - - _ - 2.43 0*26 — —
11 3.52 93 .8 296.0 - - -  \ — —
12 3.32 93 .8 296.6 - - 12.35 1.27 — -
13 3 .40 93 .8 296*6 - - - "

— —
14 3*38 93 .8 296.1 « - - — ) — —
15 2*27 92 .2 296.1 - - 2.10 0.17 — —
16 2.62 91.4 295.7 - - - — 2.45 0.17 — —
17 1 .71 90.9 316.0 “* — mm **• 1.05 0.07 0 .53 0.06

t o t a l s 52.08 0.09 1 .1 8 0.22 3.21 42.22 4.57 0.53 0.06

io S e t e r s 0.17 2.27 0 .42 6.16 61.07 8.77- 1.02 0.12

/  Aci els 0.17 2.26 0.42 6.13 81.09 8.77 1 .03 0.13

# F ra c tio n (30 .4 ) 0 .05 0*69 0.13 1.86 24.65 2 .6? 0.31 0 .04

I s o m e r i s a t i o n  Data ( ^ Q m v a lu e s )

f r a c t i o n I.V * of a c id s 234mu 268mu

B2 6 6 .0 4 1 .3 1 .0

B i i 98*8 77.4 6 .6

A ll m easurem ents were made a f t e r  iso m e r is a tio n  a t  180 C/60 min.



•Table 28 * Distillation of 0 esters from ostrich fat

Ho. wt*
gnu I .V . S . S. i - i  0

14 °1 6 ° 0 1 
°14

1 2 .4 6 6 5 .7 2 4 4 .7 0 .9 9 0 .0 1 1 .0 9
2 3 .0 6 9 6 .1 2 6 4 .5 0 .1 8 0 .1 1 0 .1 9
3 2 .7 7 116* 6 2 7 2 .3 — 0 .0 9
4 2 .9 ? 142*6 . 2 8 3 .4 mm G . l f
5 3 .5 7 1 5 3 .6 2 8 7 .8 « 0 .0 8
6 3 .0 3 1 5 7 .0 2 9 1 .1 \  - mm —

7 3 .4 9 1 5 9 .1 2 8 9 .4 mm -

8 3 .4 8 1 5 8 .9 2 9 0 .0 •m *

9 3 .1 1 159*3 2 9 0 .8 — - —

10 2 .9 3 1 6 0 .1 2 9 1 .9 V — «#■»

11 3 .2 1 1 6 0 .3 2 9 0 .7 - - -

12 2 .8 0 1 6 0 .0 2 9 2 .0 — — —

13 2 .9 9 1 5 9 .9 2 90 .7 - mm —

14 3 .1 6 1 6 0 .3 ? 9 0 .5 — - —

13 3 .3 0 1 5 9 .8 2 9 1 .6 /  - mm —

16 2 ,1 6 1 5 9 .3 2 9 1 .6 /
mm -

17 3 .4 4 1 2 8 .9 3 1 5 .0 mm mm

T o t a l s  51* 08 1 .1 7 0 .4 4 1 .2 8
$ E s t e r s 2*27 0 .8 5 2 .4 ?
yc- A c id s 2 .2 4 0 .8 5 2 .4 5

$  F r a c t i o n  (30*4) 0 .6 8 0 .2 6 0 .7 4

I s o m e r i s a t i o n  D a ta  Y a u 9 0 )

F r a c t i o n I .V .  o f  a c i d s 234®u • 2.58blu

01 6 8 .5 3 8 .2 6 .8

03 1 1 9 .0 2 2 3 .7 1 5 .0

011 1 6 5 .5 5 9 2 .0 8 4 .1 *

#  M easured  a f t e r  i s o m e r i s a t i o n  a t  1 7 0 ° /L 5  m in , -  t h e  

r e m a in d e r  a f t e r  18G °/60  m in .  The U.V. a b s o r p t i o n  o f  

t h e s e  f r a c t i o n s  when u n i s o m e r i s e d  was n e g l i g i b l e *



0 11  
14

ft 1 
16

n  11 
16 c 1 18

n 11 
U18

~ 111 
18 N'.S*

0 .0 4 0 .2 8 0 .0 5 m mm mm

0 .0 1 2*18 0*39 - «*» mm mm

- 1 .8 ? 0 .3 4 0 .1 3 0 .2 7 0*07 mm
0 .8 6 0*04 0 .5 2 1 .0 6 0 .2 9 mm

- 0*46 0*02 0*84 1*70 0 .4 7 m
- mm mm .

mm-

m mm
mm

■mm mm

mm mm 9*36 19*08 5 .22
mm

mm

m-
mm

mm
~ mm

mm

mm

mm
- mm

mm 0*88 1*81 0*49

mm

mm

0 ,2 6

o*os 5*65 0 .8 4 11*73 2 3 .9 2 6*54 0 .2 6
0*10 1 0 .8 9 1 .6 2 22*60 4 6 .1 0 1 2 .6 1 0 .5 0
0*09 10*85 1 .6 1 22*63 46*14 12*62 0 .5 3
0*03 3 .3 0 0 .4 9 6*88 1 4 .0 3 3 .8 3 0 .1 6



T a b l e 29 -  D i s t i l l a t i o n  o f  A e s t e r s f r o m f l a m i n g o  f a t

oP
H I r  i . v .  s . s . °16° 0 ° 18

1
18 H.S*

1 2 .25  0 269.2 2.25
2 2 • 66 0 268,4 2.66 •»

3 2.33  0 268.3 2.53 «• — —

4 2.57 0 269.0 2.57
5 2 .04  3 .3  277.1 1.51 0.45 0.08 —

6 2.42 5 .8  281.9 1 .37 0.89 0.16 mm
7 2.25  4 .5  297.5 •» 2.13 0.12 mm

8 1 .2 0  5 .3  317.5 — 1.06 0.06 0 .0 8

T o t a l s  17.92 12.39 4.53 0.42 0.08
fe D e t e r s 71.93 25.28 2.34 0.45
fo A c i d s ■71.81 25.37 2.35 0.47
$  F r a c t i o n  (30 .2 ) r 2 1 . 6 8 7 .6 6 0.71 0.14

T a b l e 30 -  B i s t i l l a t i o n  o f  B e s t e r s f r o m  f l a m i n g o  f a t

Ho w t.
gS2l. I.V . 0 » 1-t O «  o 

16
.

W -j f 'lo
'  ■ i  

''IB T  11 u18
10 »
U20 M .S .

1 1 .63 51. 0 272.0 0 .74 0.72 0.17 _ mm —
2 2.38 68. 5 284.0 0 .53 0.51 1.34 - mm -
3 2 .26 81. 3 291.1 0.14 0.27 1.85 - - mm

4 2 .70 85. 8 243.8 •Mb 2.70 - : — m .

5 2.46 87. 293.7 — 2.41 0.05 - —
6 2.25 87. 6 294.5 - - 2.20 0.05 — -
7 2.25 67 . 5 293.9 .... 2.20 0.05 - -
8 2 .34 88. 0 294.3 - * 2.28 0.06 mm

9 3.34 68. 3 293.8 «W - 3.24 0.10 - —
10 2.57 37. 9 293.6 - 2.50 0.07 mm —
11 2.47 87. 3 293.4 -  ' « . 2.42 0.05 - -
12 2.22 87. 2 293.5 - - 2.18 0.04 — -
13 2 .00 86. 6 293.7 — «, 1.96 0.02 — —
14 1.45 80. 4 332.3 — — 0.81 0.01 0.51 0.12

T o t a l s  32. 32 1.41 1 .50 28.28 0 .50 0.51 0.12
^  E s t e r s 4. 3^ 4.64 87.50 1.55 1.58 0.37
4> A c i c S3 4.34 4.62 87.51 1.55 1.59 0.39

ry o F r a c t i o n (5

—
Ss.• 2.40 2.56 48.48 0.86 0.88 0 .22

I s o m e r i s a t i o n  B a ta  
F r a c t i o n  I . V .  ( a c i d s )  ®xcin 234mjut a t  t e r  i s o m e r i s n ^ a t

B9 92.0  32.3
U.V. ab so rp tio n  o f unAsomerised f r a c t i o n  was n e g l i g i b l e .
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T a b le  31 ~ D i s t i l l a t i o n  o f  C e s t e r s  from flamingo fat

No w t.  
' gm* 1 .7 . - S.E* C16° c 1 16

Q H  Q 1
°16 13 Q 11 18 n m  

W18 '< > 2 0 * * '

1 0.87 93 .1 269.7 0.16 0.56 0.15 mm - mm mm mm

2 1 .22 117.2 277.9 0.13 0.43 0.12 0.21 0*32 0.01 mm

3 1 .20 134*8 239.7 0.03 0 .12 0*03 0.39 0.61 0.02 - -

4 1 .21 138.9 294.0
r - - - -

5 0 .93 138.9 0 92 .8 - - • 1.38 2.14 0*08 -

6 1 .46 136.7 294.5 j mm - - - -

7 1 .7 6 122.9 325 mm mm 0.41 0.64 0.02 0,,58 0.11

T o t a l s 0.32 1.11 0.30 2.39 3.71 0.13 0,,58 0.11

$ S s t e r s 3.70 12.83 0 .47 27.63 42.89 1 .50 6,.71 1.27

f0 A c id s 3.69 12.77 3.45 27.64 42.88 1 .50 6<,74 1.33■

fo f r a c t i o n 0.53 1.84 0.50 3.98 6.1? 0.22 Qi,0? 0.19

I s o m e r i s a t i o n  D a t a  ( ^ Q m v a l u e s )

I r a s t l o n  I . V, ( a c i M  2 3 4 ^  2 6 8 ^

Cl 97*9 1 7 2 . 8

0 4  1 4 5 . 0  5 4 0 . 6  1 2 . 6 *

M e a s u r e d  a f t e r  i s o m e r i s a t i o n  a t  1 7 0  / L 5  m i n .  r e m a i n d e r  

g i  1 8 0 °  C / 6 0  in i n *

U .V .  a b s o r p t i o n  o f  u n i s o m e r i s e d  f r a o t i o n s  w a s  n e g l i g i b l e .



T able 32 -  Component a c id s  o f  o s tr ic h  f a t
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A cid A B ■ T o ta l
E x c lu d in g  | 

0n s a p o n i f i a b l e  1
i i i i i . <-€> m± *

S a t u r a t e d
S S y r is t ie 0 .1 4 0 .0 5 0 .6 8 0 .8 7 0 .8 7 1 .0 4  . 1
P a l m i t i c 23 .76 0 .6 9 0 .26 24.71 24 .77 2 6 .3 2  !
S t e a r i c 5*93 - 5 .93 5 .9 4 5 .6 9
A r a c h id i c 0 .4 5 m* - 0 .45 0 .4 5 0 .3 9
U n s a tu r a te d  
T * t r a d  e c eno i  c 0 .1 3 0 .7 4 0 .8 7 0 .8 ? 1 .0 5
+ T e t r a d e o a d i e n o ic 0 .0 3 0 .0 3 0 .0 3 0 .0 4
H e x ad e ce n o ic 0 .4 4 1 .8 6 3 .3 0 5 .60 5 .61  . 6 .0 1

H e x a d e o a d ie n o ie - - 0 .4 9 0 .49 0 .4 9 0 .5 3
O c ta d e c e n o ic 8 .1 2 24 .65 6 .88 39.65 39 .75 38 .3 2

O c ta d e c a d ie n o ic 0 .3 3 2 .6 ? 1 4 .0 3 17 .03 17 .0 7 1 6 .5 8

O c t a d e c a t r i e n o i c - - 3 .8 3 3*83 3 .8 4 3 .7 6

J  a s  ’ e i c o s e n o i c 9 - 0 .3 1 «. 0 .3 1 0 .3 1 0 .2 7

T Jn sa p o n if ia b le 0 .0 3 0 .0 4 0 .1 6 0 .2 3 - -

♦ S h i s  s m a l l  q u a n t i t y  o f  a c id  seems h a r d ly  s i g n i f i c a n t .
£ A verage  u n s a t u r a t i o n  -  2 . XII.
I n  a d d i t i o n  to  th e  a c i d s  m en tioned  i n  p a g e s ?4 -37 th e  f o l lo w in g  
a c i d s  w ere  i d e n t i f i e d  i n  a p p r o p r i a t e  f r a c t i o n s  o f  o s t r i c h  f a t s -  
P a l m i t i c  a c i d  m .p t*  62WC.? S t e a r i c  a c id  m .p t .  b8 ttC .;  h e x a -  
d e c e n o ic  a c i d  a s  d ih y d ro x y  p a l m i t i c  a c id  m .p t .  1 2 6~ 1 7?°C .| 
o l e i c  a c i d  a s  d i h y a r o x y s t e a r i e  a c id  m .p t .  1 3 0 -1 3 1 °C .;  
l i n o l e i c  a c id  a s  t e t r a b r o m o s t e a r i c  a c id  n . p t ,  111~1I3°C .?  
l i n o l e n i c  a c i d  a s  h e x a b ro m o s te a r ic  a c id  m .p t .  181- 182° 6 0 
Mixed m . p t s .  w i th  a u t h e n t i c  sam ples o f  a c i d s  showed, no d e p r e s s 
i o n s .
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g a b le  33 -  Component a c i d s  o f  f lam in g o  f a t

A cid A £ O
l o t a l  
i> v t .

\

E x c lu d in g
U n s a n o n i f ia b le
% w t. (p  m o l.

S a t u r a t e d  
P a l m i t i c  ' 21 .6 9 2 .4 0 0 .5 3 24 .62 24.76 2 6 .5 1  j

S t e a r i c 7 .6 6 - mm 7 .6 6 7 .7 0 7 .4 3

U n s a tu r a t e d
H e x a le c in o l 'c - 2 .5 6 1 .8 4 1 .4 0 4 .4 2 4 .7 7

Hexade c a d i  eno i  e - m* 0 .5 0 0 .5 0 0 .5 0 0 .5 4

O c ta d e c e n o ic 0 .7 1 48*4 B 3 .9 8 53 .17 53.47 5 1 .9 7

B e ta d e c a d ie n o ie - 0*86 6 .1 7 7 .0 3 7 .0 ? 6 .9 2

O c t a d e c a t r i e n o i c 0 .2 2 0 .2 2 C.22 0 .2 2  j

+ a s  * e ic o s e n o ie * 0 .8 8 0 .9 7 1 .8 5 1 .8 6 1 .0 4

U n s a p o n i f i a b l e 0 .1 4 0 .2 2 0 .1 9 0 .5 5 - -

+ A verage  u n s a t u r a t i o n  -  2*111*

I n  a d d i t i o n  to  th e  a c i d s  d i s c u s s e d  on pages  34-^7 th e  

f o l l o w i n g  a c i d s  v.ere i d e n t i f i e d  i n  a p p r o p r i a t e  f r a c t i o n s  o f  

f la m in g o  f a t .

P a l m i t i c  a c i d  m .p t .  62—6 3 ° C .; s t e a r i c  a c id  m.p t* 69—70 C.£

h e x a d e c e n o ic  a c id  a s  d ih y d ro x y p a lm i t  i c  a c id  m .pt*  1 2 4 .5 - t
1 2 5 . 5 U0 . ;  o l e i c  a c id  a s  d i h y d r o x y s t e a r i c  a c id  m .pt* 129-130°G*;| 

l i n o l e i c  a c id  a s  te trab rom o s t e a r i c  a c id  m .p t*  112—113 0* |

Mixed m . p t s .  w i th  a u t h e n t i c  sam ples showed no d e p re s s io n s *
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J2* A n a ly se s  o f  R a b b it . Mouse and P orcupine g a ts  ( s e e  page d0/ )

f a b l©  34 -  C h a r a c t e r i s t i c s  o f  r a b b i t ,  mouse and p o rc u p in e  f a t s ,

PAT I .V .  o f
Mixed
A cidsI .V . S .E . P .P .A .

R a b b i t 7 6 .9 267 .9 8 .4 8 1 .1

Mouse 8 6 .8 28 6 .8 3 .8 9 1 .6

P o rc u p in e 5 0 .3 271 .0 6 .0 52 .3

g a b le  35 -  F r a c t i o n a l  C r y s t a l l i s a t i o n  o f  R a b b it  F a t
  lr~ ( c o r  r e ^ t  e ^ w t s T F "

Mixed A c id s  111.2gm. I # ? .  8 1 .1

10 x  MeOH

I n s o l u b l e  65 .6gm . I .V .  43*8

10 x  MeOH

I n s o l u b l e  3 2 .3g® . I.V* 1 .2  
( f r a c t i o n  A)

i . e . f r a c t i o n

■55°C

-  «0°C.

S o lu b le  45.6gm . I .V .  
1 3 5 .1  

( f r a c t i o n  0)

S o lu b le  33.3gm . I .V .  
8 5 .5  

( f r a c t i o n  B)

w e ig h t  ( g p i . )  

yi> W t .  O f  t o t a l

I .V .

A

3 2 .3
29 .1

1 . 2

B

3 3 .3
29 .9

8 5 .5

45*6
4 1 .0

135 .1
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l ia b le  3 6  -  F r a c t i o n a l  C r y s t a l l i s a t i o n  o f  House f a t  
, ( c o r r e c t e d  wt®.)

Mixed A c id s  55.0gm* I.V* 9 1 .6

10 x  MeOH ~60°C

I n s o l u b l e  36 .8gra0 I.V* 3 8 .5  

10 x  MeOH

S o lu b le  18*2gm. I .V .  
( F r a c t i o n  0)

20  °C

I n s o l u b l e  15 .1gm . I .V .  1*5 
( F r a c t i o n  A)

S o lu b le  21.7gm . I.V* 
( F r a c t i o n  B)

i  * ©<
F r a c t i o n A B C

w e ig h t  (gm.)

^  Vvt.  o f  t o t a l  

I .V .

1 5 .1

2 7 .3

1 .5

2 1 .7

3 9 .6

9 7 .5

1 8 .2

3 3 .1

1 5 9 .6

mi* ,n -  F r a o t i o n a l  C r y s t a l l i s a t i o n  o f  P o rc u p in e  f a t  
11 nl".11111 '•r " ( e o r r e c t e d ^ w t s . ) ”~ ’

Mixed A c ids  93*8gm. I .V .  5 2 .3

10 x  MeOH ~55°C

I n s o l u b l e  6 6 . 5gpn. I .V .  2 8 .0  

10  x  MeOH

S o lu b le  27.3gm . I.V , 
( F r a c t i o n  C)

- 2 0 °  C

I n s o l u b l e  43 .6gm . I .V .  0 .8  
( F r a c t i o n  A)

I
S o lu b le  22.9gm . I .V .  

( F r a c t i o n  B)

i«@
F r a c t i o n A B 0

w e ig h t  (g m .) 
io w t.  o f  t o t a l  
I .V .

4 3 .6  
4 6 .5

0 .8

22 .9
24 .4
7 9 .6

2 7 .3
2 9 .1

1 1 1 .2

1 5 9 .6

9 7 .5

111.2

7 9 .6



I1 a b l e  58 -  D i s t i l l a t i o n  o f  A e s t e r s  from r a b b i t  f a t

103

No* w t .
m •

I .V . S .E . G ° 
14 *16° G 9U18 °2 0 ° °1 8 X N .S .

1 2 .3 1 0 2 6 8 .5 0 .1 4 2 .1 7 * «■» «•» -

2 3 .4 3 0 2 7 0 .5 3 .4 3 mm - - mm

3 3 .2 4 0 2 7 0 .7 - 3 .2 4 w mm

4 2 .7 3 0 2 6 9 .9 - 2 .7 3 - - -

5 3 .1 2 0 27 0 .5 - 3 .1 2 mm ■m - -

6 3 .3 8 0 2 7 0 .8 - 3 .3 8 ~ - -

7 3 .3 8 0 2 7 1 .4 - 3 .2 5 0 .1 3 m* - -

8 2 . 48 0 .8 2 7 3 .7 - 2 .1 7 0 .2 9 - 0 .0 2 -

9 3 .4 5 2 .4 29 0 .1 - 0 .9 6 2 .3 9 0 .1 0 -

10 2 .1 8 3 .8 2 9 6 .4 - 0 .1 4 1 .9 4 - 0 .1 0 -

11 1 .7 6 4 .2 3 1 3 .1 - - 1 . 24 0 .3 8 0 .0 9 0 .0 5

T o t a l s  3 1 .4 6 0 .1 4 2 4 .5 9 5 .99 0 .3 8 0 .3 1 0 .0 5

#  E s t e r s 0 .4 5 7 8 .1 5 1 9 .0 4 1 .2 1 0 .9 9 0 .1 6

io  A c id s 0 .4 4 7 8 .0 6 19 .1 2 1 .2 2 0 .9 9 0 .1 7

#  F r a c t i o n  (29*1) 0 .1 3 2 2 .7 1 5 .5 6  0 .3 6 0 .2 9 0 .0 5



T a b le  39 -  D i s t i l l a t i o n  o f  B e s t e r s  from  r a b b i t  f a t
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No*
w t .
gm. I .V . S .B . C14° C16° C 1 16 CL * 18 o 11 18 N .S .

X 1 .3 5 4 .1 2 4 4 .5 1 .2 3 0 .0 6 0 .0 6 mm mm •

2 2 .4 8 3 5 .3 2 6 7 .6 0 .1 7 1 .3 8 0 .9 3 - -

3 2 • 68 68*1 2 8 5 .1 mm 0 .6 4 0 .4 3 1*56 0 .0 5 -

4 3 .2 1 8 8 .6 2 9 1 .2 - 0 .3 5 0 .2 3 2 .5 5 0 .0 8 -

5 1 .6 8 8 8 .2 29 6 .6 - - 1 .6 3 0 .0 5 -

6 1 .7 9 8 7 .5 29 6 .4 - * • - 1 .7 5 0 .0 4 -

7 3 .4 7 9 1 .9 296*4 - - mm 3 .2 2 0 .2 5 -

S 2 .7 5 9 3 .4 2 9 5 .6 «■* mm • 2 .5 1 0 .2 4 -

9 3 .4 2 9 3 .6 2 9 6 .9 mm «* • 3 .1 1 0 .3 1 •

10 3 .0 8 94.X 29 6 .3 mm mm - 2 .7 8 0 .3 0 -

XX 3 .5 1 9 3 .1 2 9 6 .1 mm • - 3 .2 1 0 .3 0 -

12 1 .0 3 9 2 .2 3 0 5 .8 - wm - 0 .9 1 0 .0 9 0 .0 3

13 1 .6 4 8 1 .6 29 8 .6 - - - i  *44 0 .1 4 0 .0 6

T o t a l s  3 2 . 09 1 .4 0 2 .4 3 1 .6 5 24 .67 1 .8 5 0 .0 9

$> E s t e r s 4 .3 6 7 .5 7 5 .1 4  7 6 .8 8 5 .7 7 0 .2 8

$  & cids 4 .3 2 7 .5 4 5 .1 2  7 6 .9 6 5 .77 0.29

$  F r a c t i o n  (2 9 .9 ) 1 .2 9 2 .2 5 1 .5 3 to v
a . o H 1 .7 3 0 .0 9

f r a c t i o n

B9

I s o m e r i s a t i o n  D a ta  

I .V .  o f  a c i d s  4 e « i  a t  234m^  a f t e r  i | ° m̂ n a t  1 8 0 ° ° /

9 7 .3  0 4 .2

0 .V . a b s o r p t i o n  o f  u n is o m e r is e d  f r a c t i o n  was n e g l i g i b l e



f a b l e  40 -  D i s t i l l a t i o n  o f  Q e s t e r s  from r a b b i t  f a t

Ho* wt#
gm. I . V . S .E . C14° °141 0 1 16 * C *18 M.S.

1 2 .6 8 5 5 .5 1 9 9 .4 0 .9 4 1 .7 2 0 .0 2
2 2 .8 ? 8 5 .3 25 8 .0 0 .3 6 0 .6 6 1 .8 5 «•
3 2 .6 4 1 1 3 .9 2 7 3 .4 » — 2 .0 9 0 .5 5
4 2 .6 4 1 4 5 .8 28 2 .9 mm - 0 .6 4 2 .0 0 —
5 3 .5 5 1 5 9 .3 2 8 9 .2 - 0 .15 3 .4 0
6 3 .0 6 1 6 2 .6 290 .3 mm mm 3 .0 6
7 2 .9 7 1 6 2 .8 29 1 .2 mm - mm 2 .9 7 —
8 3 .1 0 1 6 2 .5 291 .5 mm — •> 3 .1 0
9 3 .4 2 1 6 1 .4 291 .2 mm — — 3 .4 2 «.

10 3 .4 5 1 6 2 .5 29 1 .2 - — — 3 .4 5 —
11 3 .4 4 161*6 292 .8 — — - 3 .4 4
12 3*22 1 4 5 .8 2 92 .9 — ~ 3 .2 2 —
13 2 .0 0 1 3 2 .2 280 .6 * — 2 .0 0 —
14 4 .6 3 8 3 .5 320 mm- - - 4 .2 5 0 .3 8

T o t a l s  4 3 .6 ? 1 .3 0 2 .3 8 4 .7 3 3 4 .86 0 .4 0
$  E s t e r s 2 .9 8 5 .4 5 1 0 .8 3 7 9 .8 2 0 .9 2
i» A c id s 2 .9 5 5 .39 1 0 .7 9 7 9 .9 0 0 .9 7

4/a f r a c t i o n  (41 . 0) 1 .2 1 2 .2 1 4 .4 2 32 .76 0 .4 0

I s o m e r i s a t i o n  D a ta  v a lu e s )

f r a c t i o n  I .V .  o f  A c id s  234iyt 268mu

03 1 2 1 .3  276 .3  2 8 .0*
08 1 7 0 .7  693 .6  8 5 .5 *

T h ese  v a l u e s  were m easu red  a f t e r  i s o m e r i s a t i o n  a t  170°C /15 m in . 
r e m a in d e r  a f t e r  1 8 0 °0 /6 0  m in.
U*V. a b s o r p t i o n  o f  u n is o m e r is e d  f r a c t i o n s  was n e g l i g i b l e .

U s in g  s p e c t r a l  and i o d in e  v a lu e s  th e  p e r c e n ta g e s  o f  C1Q a c i d s  
do n o t  sum to  a p p ro x im a te ly  1005& (se e  p ag es  1^ ,44  ) f p r o b a b ly  
b e c a u s e  o f  d e t e r i o r a t i o n .  U sing  th e s e  v a lu e s  however th e  

f&L8* f r a c t i o n  h a s  th e  fo l lo w in g  c o m p o s i t io n : -
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Table 41 - Distillation of A esters from mouse fat

Bo. w t .
gm. I .V . S .E . °16° f* ° °18 C 1 18 N .S .

1 2 .3 7 0 269*5 2 .37 ilM mm

2 1 .9 5 0 27 0 .0 1 .9 5
3 2 .2 7 0 2 6 9 .5 2 .27 _

4 1 .6 8 0 26 9 .8 1 .6 8 « •

5 1 .5 3 0 269 .4 1 .5 3 _

6 1 .6 5 0 2 6 9 .5 1 .6 5 — — —

7 1 .5 8 6 .8 281 .4 0 .9 2 0 .5 3 0 .1 3
8 1 .1 5 1 1 .7 3 1 0 .5 0 .1 5 0 .7 8 0 .1 6 0 .0 8

T o t a l s  14* 20 1 2 .5 0 1 .3 1 0 .2 9 0 .0 8
fc E s t e r s 8 8 .1 5 9 .24 2 .0 5 0 .5 6
* A c id s 8 8 .0 8 9 .2 8 2 .0 5 0 .5 9

fo F r a c t i o n  (2? .3 ) 24 .1 4 2 .54 0 .5 6 0 .1 6

T a b le  42 -  D i s t i l l a t i o n  o f  B e s t e r s  from mouse f a t

Ho. w t .
m * I . ? . S .B . o ° 

14 v16 0 116 ^ s 1 o 1118 *0 *u20 U .S .

1 1 .8 7 5 0 .8 267 .6 0 .1 0 0 .7 7 1 .0 0 —
2 1 .8 8 8 2 .6 2 8 8 .9 - 0 .2 3 0 .2 9 1 .2 3 0 .1 3 — -
3 1 .8 3 9 3 .7 2 9 6 .3 - - - 1 .6 6 0 .17 - -
4 2 .0 7 96.4 29 5 .2 - - - 1 .8 1 0 .2 6 - -
5 2 .2 4 9 6 .7 29 4 .4 — - - 1 .9 1 0 .3 3 - ~
6 2 .2 3 9 9 .8 29 5 .0 • •* 1 .8 7 0 .3 6
7 2 .4 2 9 9 .1 2 9 5 .3 — - 2 .05 0 .3 7 - -
8 1 .8 1 9 8 .8 2 9 6 .7 - mm — 1.5 4 0 .2 7 - —
9 2 .2 2 9 9 .6 29 7 .4 — . - - 1 .8 0 0 .3 2 0 .1 0 -

10 2 .3 3 9 0 .5 32 0 .1 — - - 1 .5 2 0 .2 7 0 .4 0 0 .1 4

T o t a l s  20 .9 0 0 .1 0 1 .0 0 1 .2 9 15 .3 9 2 .4 8 0 .5 0 0 .1 4
i> E s t e r s 0 .48 4 .7 8 6 .1 7 73 .6 4 11*87 2 .3 9 0 .6 7
io A c id s 3.47 4.76 6 .14 73 .6 7 1186 2 .4 0 0 .7 0

i» F r a c t i o n  (3 9 .6 >Q19 1 .8 8 2 .4 3 29 .09 4 .6 8 0 .9 5 0 .2 8

I s o m e r i s a t i o n  D ata

F r a c t i o n  a t  2''jtm Y a l 't e r  isomn- a t  180°C /_ A.u a ■■—  1 "'■■■■ 60 m m .
B6 1 0 3 .0  1 4 8 .8

U.V. a b s o r p t i o n  o f  u n is o m e r is e d  f r a c t i o n  was n e g l i g i b l e .



T a b le  43 -  D i s t i l l a t i o n  o f  0 eg t e r  a from mouse f a t
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!

Ho.
w t .
gm. I . V . S .E . C16° °16X G ^ 18 0 11 18

0 111 
\L8 U .S .

1 1 .8 8 1 1 0 .5 233 .3 0 .1 7 1 .0 3 0 .1 4 0 .5 0 0 .0 4 •

2 1 .9 8 1 3 4 .0 283 .1 0 .0 9 0 .5 7 0 .2 7 0 .9 7 0 .0 8 -

3 2 .3 4 1 5 7 .0 290 .8 1 ~ - -

4 2 .5 7 1 5 6 .1 2 9 0 .8 - - mm

5 2 .7 1 1 5 9 .9 2 9 4 .1 • 2.56 9 .2 4 0 .8 1 -

6 2 .3 2 1 5 9 .0 2 9 5 .3 • • -

7 0 .9 5 1 6 4 .3 2 9 4 .8 - - -

8 1 .9 1 1 3 3 .1 ^  330
/ - 0 .1 9

T o t a l s  1 6 . 66 0 .2 6 1 .6 0 2 .97 10 .71 0 .9 3 0 .1 9

fo E s t e r s 1 .5 6 9 .6 0 1 7 .8 3  64 .29 5 .5 8 1 .1 4

$  A c id s 1 .5 5 9 .5 6 17 .8 4 64 .2 7 5 .5 8 1 .2 0

$  E n a c t io n  (3 3 .1 ) 0 .5 1 3 .1 6 5 .91 21 .27 1 .8 5 0 .4 0

I s o m e r i s a t i o n  D a ta  (El L  T a lu e s )

P r& o t io n l.Y *  o f  a c i d s ?34mu 268cm

01 1 1 6 .5
J

2A1.B -

02 1 3 9 .3 520 .4 2 4 .7 *

04 1 6 4 .1 683 .4 34 .2 *

05 1 6 4 .3 684 .5 3 7 .9 *

-*These v a l u e s  were m easured  a f t e r  i s o m e r i s a t i o n  a t  170 C/15 m in . y 

t h e  r e m a in d e r  a f t e r  180°C /60 rain.
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T a b le  44 "* J l i s t i l l a t i o n  o f  A e s t e r s  £ ro a  p o rc u p in e  f a t
t

No. wt*
gm* l . Y . 8 .S . n 9

16 0 °18 0,18 N .S .

1 1 .9 1 0 2 6 3 .3 0 .4 4 1 .4 7 - mm m

2 2 .8 0 0 2 6 9 .0 0 .1 2 2 .6 8 • mm -

3 3 .3 9 0 2 7 0 .3 • 3 .3 9 mm -

4 2 .9 8 0 27 0 .6 - 2 .9 8 mm _ -

5 2 .7 7 0 270 .9 - 2 .7 7 - mm •

6 3 .0 0 0 271 .3 mm 3 .0 0 «*• mm mm

7 3 .3 0 0 2 7 1 .2 - 3 .3 0 - mm

8 2 .3 8 0 27 0 .6 mm 2 .3 8 m mm -

9 2*60 0 27 0 .2 - 2 .6 0 - - -

10 2 .7 7 0 27 0 .5 2 .7 7 mm - -

11 2 .8 3 0 .7 274 .9 mrn 2 .35 0 .4 6 0 .0 2 -

12 2 .0 1 1 .7 284 .6 - 0 .9 4 1 .0 3 0 .0 4 -

13 3 .0 0 2 .2 2 94 .1 mm 0 .4 3 2 .4 9 0 .0 8 -

14 3 .0 2 1 .9 29 4 .7 - 0 .3 3 2 .57 0 .0 7 -

15 2 .5 1 1 .5 29 6 .5 - 0 .1 6 2.31 0 .0 4 •

1 6 2 .1 2 3 .9 3 1 4 .0 - - 1 .9 6 0 .0 4 0 .1 2

T o t a l s  43*39 0 .5 6 31 .60 1 0 .8 8 0 .2 9 0 .1 2

iu  E s t e r s 1 .2 9 72 .82 24 .94 0 .6 7 0 .2 8

io A c id s 1 .2 8 72 .7 3 25 .03 0 .6 7 0 .2 9

f° F r a c t i o n  (4 6 .5 ) 0 .6 0 33 .82 11 .64 0 .3 1 0 .1 3
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l&fcl8.-45 -  l a t i o n  o f  B e s t e r s  from jporcupirte f a t
:

No# wt*
gm. I.V * S .E . Cu ’

rt
16

r  1
c14

rt 1 
16 C 1 18

a 11
IS  * N.S*

1 1 .8 5 9 .7 244 .8 1 .5 8 0 .0 9 0 .0 9 0 .0 9 * -

2 2 .4 7 4 5 .7 2 7 0 .2 «P 1 .2 8 1 .19 - - -

5 2 .2 6 78*5 287 .2 - 0 .2 4 - 0 .2 3 1 .7 5 0 .0 4 -

4 2 .5 4 87*2 293 .7 ** • - 2 .4 9 0 .0 5 -

5 2 .8 2 8 9 .8 2 9 5 .1 mm •» 2 .6 8 0 .1 4

6 2*88 9 0 .8 294*2 - - - 2 .71 0 .1 7 -

7 2*56 8 9 .7 2 94 .7 - - mm - 2 .4 4 0 .1 2 -

8 5*08 8 5 .9 293 .5 - 3 .07 0 .0 1 -

9 1*47 7 5 .2 3 0 8 .5 *fc* - - 1 .3 7 - 0 .1 0

f o t a l ©  21,*93 1 .5 8 1 .6 1 0 .0 9 1 .5 1 16 .51 0 .5 3 0 .1 0

f  E s t e r s 7 .2 0 7 .5 4 0 .4 1 6 .8 9 75 .28 2 .4 2 0 .4 6

f> A c id s 7 .1 3 7 .3 1 0 .4 1 6 .86 7 5 .39 2 .4 2 0 .4 8

fa F r a c t i o n  (2 4 .4 ) 1 .7 5 1 .7 9 0 .1 0 1 .6 8 18 .4 7 0 .5 9 0 .1 2

A sam ple  o f  B6 e s t e r s  when i s o n e r i s e d  a t  18C°C/60 m in . had  

m  b I ^  o f  3 8 . 8 ,  t h e  U.V. a b s o r p t io n  o f  t h e  u n is o m e r is e d  

e s t e r s  b e in g  n e g l i g i b l e / a t  234. ^ ) ,



%?&bl£ 46 “  D i s t i l l a t i o n  p i  0 e s t e r s  f^om p o ro u p in e  f a t

Ho. w t.
gm. I . V . S .E . n  °

h . 4
n 0 

16 0 1 14 G 1h . 6 c 11  16
-------Y

n  •*- 

° 1 &

n  l i p  111
° 1 8 - H l 8  N ,S

1 1 . 8 8 1 7 . 1 2 0 8 . 7 L.58 *r 0 .3 0 mm mm - «.

2 1 . 8 4 6 0 . 1 2 4 3 . 4 0 . 7 8 0 . 0 3 0 .9 0 0 . 1 0 0 . 0 3 mm mm

3 2 . 3 5 1 0 3 . 4 2 7 2 . 1 0 . 3 0 mm 1 . 3 1 0 . 3 4 0 . 1 5 0 ,2 4 0 . 0 1 -

4 2 . 2 2 1 3 1 . 3 2 9 0 . 1 - 0 . 0 5 - 0 . 1 9 0 . 0 5 0 . 7 3 1 . 1 6 0 . 0 4 •

5 2 . 1 3 1 3 6 . 6 2 9 1 . 9 \ — - - *. • ~

6 2 .  51 1 3 7 . 1 2 9 3 . 2 - mm mm -
j

7 2 . 6 8 1 3 5 . 6 2 9 2 . 7 mm • - mm -  !

8 2 . 2 7 1 3 5 . 1 2 9 1 . 9
1

- «** - 4 .9 4 7 . 8 5 0 . 2 9 -  !

9 2 . 0 8 1 2 8 . 1 2 9 1 . 8 mm m - mm. - -  !

10 1 . 4 1 1 0 8 . 8 2 9 5 . 2 / - m mm - 1

11 3 . 0 3 7 7 . 4 300 mm - • - 1 .0 1 1 . 6 1 0 . 0 6 0.33

T o t a l s  2 4 * 4 0 2 . 3 6 0 . 3 8 1 . 2 0 1 . 6 0 0 . 4 2 6 . 8 3 1 0 B 6 0 .4 0 C435

% E s t e r s 9 . 6 7 1 . 5 6 4 . 9 2 6 .  56 1 . 7 2 2 7 . 9 9 44.51 1 . 6 4 143(

$ A c id s 9 . 5 8 1 . 5 6 4 . 8 7 6 . 5 4 1 . 7 1 2 3 . 0 4 44*36 1 . 6 4 3.5C

f F r a c t i o n ( 2 9 . 1 ) 2 . 7 8 0 .45 1 . 4 1 1 . 9 0 0 . 5 0 8 . 1 3 1 2 9 1 0 . 4 8 0 4 4

I s o a i e r i a a t i o n  B a ta  v a lu e s )

f r a c t i o n  I .V .  o f  a e ld a  254my 268ny

03 1 0 8 .1  2 35 .9

06 1 4 3 .0  555 .5  1 1 .5 "

*  V a lue  a f t e r  i s o m e r i s a t i o n  f o r  170“C/15 rain. -  r e m a in d e r  

a f t e r  180°C /60  m in . TJ.V. a b s o r p t io n  o f  u n i s o m e r i s e d  sam ples 

was n e g l i g i b l e .



I l l

-  Component A c id s  o f  R a b b it  P a t

A cid A B c f o t a l E xcl
Unsapo

u d in g
n i f l . a b l e

$ w t. $ wt^ Y° m o l.

S a t u r a t e d
B y r i s i i c 0 .1 3 1 .2 9 1.21 2 .63 2 .64 3.12

P a l m i t i c 32*71 2 .2 5 - 24 .96 25 .10 26.46

S t e a r i c 5-. 56 - - 5 .56 5.59 5 .31

A r a c h id i e 0.36 - - 0 .3 6 0 .36 0 .3 1

U h s a tu r a t e d
l e t r a S e c e n o i c ~ 2.21 2.21 2.22 2 .6 5

H e x a d e e e n o ic • 1 .5 3 4 .4 2 5 .9 5 5 .9 8 6.35

O e ta d e c c n o ic 0 .2 9 23.-01 23 .3 0 23 .43 22 .41

O c t s d e c a d ie n o ic - 1 .7 3 - 1 .7 3 1 .74 1.68

, ^18* a c ^ s  *

- - 32 .76 32 .76 32.94 31 .71

U n s a p o n i f i a b l e 0 .0 5 0 .0 9 0 .4 0 0 .5 4 - « ■ »

+ A verage  u n s a t u r a t i o n  —5.7H . Assuming t h a t  t h e s e  a c i d s

h a v e  a  C^g c o n te n t  a s  shown i n  f a b l e  40 ( f o o t n o te )  t h e n  th e  

0̂ 0 acid©  o f  r a b b i t  f a t  a r e  g iv en  by 0- ^  26 . $9$;

25•95$} V18C, o111 5. 57$  $  wt* ( e x c lu d in g  u n s a p o n i f i a b l e ) .

O th e r w is e ,  t h e  C^g a c i d s  ( i n  g e n e r a l )  have  an  a v e ra g e  

u n s a t u r a t i o n  o f  - 3 * OH*



f h e  f o l l o w i n g  a c i d s  were i d e n t i f i e d ,  i n  a p p r o p r i a t e  f r a c t i o n s  

o f  r a b b i t  f a t s -  P a l m i t i c  a c id  r a .p t .  6 2 - 6 2 .5 °C .j  s t e a r i c  

a c i d  m .p t#  68—6 9 aC .j  h e x o d ec en o ic  a c id  a s  d ih y d r o x y p a lm i t i c  

a c i d  r a . p t .  123—1 2 4 ° 0 . } o l e i c  a c id  a s  d ih y d roxy  s t e a r i c  a c i d  

ra .p t*  m .p t .  1 2 8 .5 - 1 2 9 ° C . ; l i n o l e i c  a c id  a s  t e t r a b r o m o -  

s t e a r i c  a c i d  r a .p t .  1 1 2 -1 1 3 ^ 0 .;  l i n o l e n i c  a c id  a s  hexabrom o- 

s t e a r i c  a c i d  m .p t .  183 -1 8 4 °C.

On c a r r y i n g  o u t  a  q u a n t i t a t i v e  b ro m in a t io n  on a  f r a c t i o n  

r i c h  i n  C-^g p o ly e th e n o id  a c i d s ,  th e  w e ig h ts  o f  p o ly b ro m id e s  

o b t a i n e d  i n d i c a t e d  2 3 .0 $  l i n o l e n i c  and 68 .0 $  l i n o l e i c  a c i d s .  

T h is  com pares  w i th  th e  q u a n t i t i e s  o b ta in e d  by th e  i s o r a e r i s a t i o n  

p r o c e d u r e  v i z .  1 5 .4 $  f o r  o c t a d e e a t r i e n o i c  and 66*8$ f o r  

o c ta d ® c a d ie n o ic  a c i d s .  These f i g u r e s ,  b e a r in g  i n  mind 

t h a t  t h i s  f r a c t i o n  (0) showed some d e t e r i o r a t i o n ,  p ro b a b ly  

im p ly  t h a t  t h e s e  a c i d s  e x i s t  m a in ly  a s  l i n o l e n i c  and 

l i n o l e i c  a c i d s .



Table 43 -  Component a c i d s  o f  mouse f a t

A cid A B C
T o ta l  
$ w t.

Bxelu
tShsapon

d in g
i f i a b l e

S a t u r a t e d
0 .1 9 0 .1 9

' wihi—

0 .1 9

~^"srcrlv*“

0 .2 3
P a l m i t i c 24 .1 4 1 .8 8 0 .5 1 26 .53 26 .75 2 8 .4 8
S t e a r i c 2 .5 4 - — 2 .5 4 2 .56 2 .4 6
U n s a tu r a t e d
l e x a d e e e n o i c m* 2 .4 3 3 .1 6 5 .59 5 .64 6 .0 5
O c ta d e c e n o ic 0 .5 6 29 .09 5 .91 35 .56 35 .66 34*66
0 c t a d  e c a d i  ©noic - 4 .6 8 21 .2 ? 25.95 2 6 .1 ? 23 • 48
0 c t a d e e a t r i e n o  i  c - 1 .8 5 1 .8 5 1 .8 7 1 .8 3
a s  1© ic o s e n o ic * * - 0 .9 5 0 .9 5 0 .9 6 0 .8 1
U n s a p o n i f i a b l e 0 .1 6 0 .2 8 0 .4 0 0*84 — —

+ a v e r a g e  u n s a t u r a t i o n  -2 .2 H

The f o l l o w i n g  a c i d s  e re  i d e n t i f i e d  i n  a p p r o p r i a t e  f r a c t i o n s  o f  

m ouse f a t s -  P a l m i t i c  a c id  m .pt* 62-63°C*? s t e a r i c  a c i d  m .pt*

6 8 - 6 9 °C. ? hex& deceno ic  a c id  a s  d ih y d ro x y p a lm i t ic  a c id  m .p t .  

1 2 5 - 1 2 6 ° C . |  o l e i c  a c i d  a s  d i h y d r o x y s t e a r i c  a c id  r a .p t .  1 3 0 -1 3 1 °C. 

l i n o l e i c  a c i d  a s  t e t r a b r o m o s t e a r i c  a c id  r a .p t .  1 1 2 .3 —1 1 3 .5 °0 * ; 

a t t e m p t s  t o  p r e p a r e  a  pure  sample o f  h e x a b ro m o s te a r ic  a c i d  were 

u n s u c c e s s f u l .  A q u a n t i t a t i v e  b ro ra in a t io n  on a s u i t a b l e  

f r a c t i o n  i n d i c a t e d  6 .6 f  l i n o l e n i c  a c id  and 68‘j£ l i n o l e i c  a c i d ,  

com pared  w i t h  6 .8 ^  and 71$ a s  c a l c u l a t e d  from th e  i s o m e r i s a t i o n  

d a t a  -  f i g u r e s  w hich  i n d i c a t e  th e  p o s s i b l e  i d e n t i t y  o f  t h e  

^18 p o l y s t h e n o i d  a c i d s  w i th  l i n o l e i c  and l i n o l e n i c  a c id s *
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l& b le  M  ~ Component a c i d s  o f  p o rcup in e  f a t

A cid A B 0 7o t a l E x c lu d in g
U n s a c o n i f i a b lept W b| % w t . fo m ol.

S a t u r a t e d
■

l y r i s t i c 0 .6 0 1 .7 5 2 .7 3 5 .13 5 .1 7 6 .0 4
P a l m i t i c 33 .82 1 .7 9 0 .4 5 36 .06 36 .32 3 7 .3 4
S t e a r i c 11 .64 mm 1 1 .6 4 11 .72 1 1 .0 0
U n s a tu r a t e d
r e t r a d e c e n o i c 0 .1 0 1 .4 1 1 .5 1 1 .5 2 1 .7 9
H e x a d e c e n o ic - 1 .6 8 1 .9 0 3 .5 8 3 .60 3 .7 8
Hexad e cad  i  ©no1 0 ~ « 0 .5 0 0 .5 0 0 .5 0 0 .5 3
O c ta d e c e n o ic 0 .31 1 8 .4 7 8 .1 3 2 6 .9 1 ' 2 7 .10 2 5 .6 2
O c ta d e c a d ie n o ic 0 .5 9 1 2 .9 1 1 3 .5 0 13 .59 1 2 .9 4
O c t a d e c a t r i e n o i c 0 .4 8 0 .4 8 0 .4 8 0 .4 6
U n s a p o n i f i a b l e

qwiJ.niMiiienjtu .eft.r.wfjui.inTmi i

0 .1 3 0 .1 2 0 .4 4 0 .6 9 - 1

f h e  f o l l o w i n g  a c i d s  were i d e n t i f i e d  i n  s u i t a b l e  f r a c t i o n s  o f  

p o r c u p in e  f a t s -  P a l m i t i c  a c id  ia.p t*  61«-62°0.$  s t e a r i c  a c id  

m .p t .  6 9 . 5 - 7 1 ° 0 . ; h ex ad e ce n o ic  a c id  a s  d ih y d r o x y p a lm i t i c  

a c i d  m .p t .  1 2 4 . 5 - 1 2 5 • 5 °C * ; o l e i c  a c i d  a s  d ih y & r o x y s te a r ic  

a c i d  m .p t .  130-131°C .) l i n o l e i c  a c id  a s  t e t r a b r o m o s t e a r i c  a c id
|

m .p t .  113—1 1 4 °0 .

B ro m in a t io n  o f  a  f r a c t i o n  c o n ta in in g  a  l a r g e  q u a n t i t y  o f  C18 ;

p o l y e t h e n o i d  a c i d s  was c a r r i e d  o u t  i n  th e  u s u a l  way (M arkley 

1 9 4 7 ) .  Ho hexabromi&e© were d e p o s i te d  and th e  te t ra b ro m id e ©  

i n d i c a t e d  4 1 .5 ^  l i n o l e i c  a c i d ,  a s  compared w i th  th e  t i g u r e  o f  

6 0 . Of* d e r i v e d  from  th e  i s o m e r i s a t i o n  p r o c e d u r e ,  s u g g e s t in g

t h a t  o t h e r  i s o m e r i c  octa .dec a d ie n o ic  a c i d s  a r e  p r e s e n t  b e s id e s
i "I

l i n o l e i c  a c i d .  A f r a c t i o n  whose 3 3 ^  v a l u e ,  I .V .  and S .E .  
i n d i c a t e d  an a p p r e c i a b le  q u a n t i t y  o f  a  h e x a d e c a d ie n o ic  a c i d ,  on 
b r o m in a t io n  o n ly  d e p o s i te d  a t e t r a b r o m o s t e a r i c  a c i d ,  th u s
c a s t i n g  f u r t h e r  d o ub t on th e  e x i s t e n c e  o f  a  h ex ad ecad i© n o ic  
a c i d  ( c f . page 34}* In  a l l  th e s e  a c id  i d e n t i f i c a t i o n s  mixed 
B u p t s .  w i th  a u t h e n t i c  specim ens produced  no o b se rv e d  d e p re ss io n s .
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£  *** Analysis of Antelope Fat (see page 50)

tEable 50 F r a c t io n a l C r y s t a l l i s a t io n  o f  b a te lo p e  f a t
(c o r r e c te d  w te .)

Mixed A cid s 121.2gEi. I .V .8 7 .8

10 x  MeOH ^60®0

,LI n s o lu b le  73*1®®# I.V * 5 2 .7

10 x  MeOH

S olu b le  40.1gm . I.V ,
140 . 4

(F ra c tio n  C)

•20°0

I n s o lu b le  30.8gm . I .V . 4 .6  

(F r a o t io n  A)

S o lu b le  4 2 .3g®. I .V . 8 7 .5  

(F ra c tio n  B)

i . e .

F ra c tio n A B C

w eig h t  

#  wt* o f  t o t a l  

I .V .

3 0 .8

2 5 .4

4 .6

4 2 .3

3 4 .9

8 7 .5

4 8 .1

39*7

1 4 0 .4



T ab le  51 -  D istilla tio n  o f  A e s t e r s  from antelope fat

wt#
He. gm* I . V . S*E* C14° f* ° u16 °18°

o
O 

! 
cvi 

; 
o 0  1  

16 0 1 °18 N .S .

1 2*39 0*3 26 2 .1 0 .6 5 1 .7 3 . - 0 .0 1 — —

2 3 .2 8 0 .3 269 .5 0 .0 9 3 .1 8 - - 0 .0 1 -

3 3 .2 1 0*3 27 0 .2 • 3 .2 0 - - 0 .0 1 - -

4 3 .3 3 0*3 27 0 .0 - 3 .3 2 0 .01 ~

3 2 .9 7 0*3 270 .9 - 2 .9 6 *«» mm 0 .0 1 - -

6 3 .6 1 0 .3 270 .9 - 3 .6 0 - - 0 .0 1 «*

7 3 .1 1 1 .1 271 .4 mm 2 .99 0 .0 8 - mm 0 .0 4 -

8 2*09 6 .6 27 9 .8 - 1 .3 4 0 .5 9 - mm 0 .1 6 -

9 2*88 1 8 .5 294 .8 - 0 .3 1 1 .9 5 - 0 .6 2 -

10 2 .9 1 1 3 .4 324 .7 - • 1 .8 1 0 .4 4 rnm 0 .4 6 0 .2 0

T o t a l s  2 9 .7 8 0 .7 4 22 .63 4 .4 3 C. 44 0 .0 6 1 .2 8 0 . 2 0

$  E s t e r s 2 .4 8 75 .9 9  34.88 1 .4 8 0 . 2 0 4 .3 0 0 .6 7

$> A c id s 2 .4 6  75 .8 8  34.93 1 .5 0 0 . 2 0 4 .3 2 0 .7 1

$  F r a c t i o n  (2 5 .4 ) 0 .6 2 1 9 .2 8 3 .7 9 0 .3 8  0 .0 5 1 .1 0 0 .1 8



l&fclg 52 — D i s t i l l a t i o n  o f  B e s t e r s  from a n te lo p e  fat

117

No. WUgm. I.V . S.E* C14°
fl o 

16 C 1  °14 °X6X a   ̂18 c 11 °18 I .  S.

1 2 .2 0 4 1 .1 2 5 5 .8 0 .6 3 0 .6 5 0 .3 9 0 .53 ~ —

2 2 .5 3 7 2 .9 2 85 .3 • 0 .5 1 mm 0 .41 1 .5 2 0 .0 9

3 2 .9 1 8 6 . 2 2 9 0 .5 - 0 .1 4 0 .1 2 2 .5 0 0 .1 5 •

4 4 . 0 0 9 0 .5 2 9 5 .1 - mm - - 3 .78 0 .2 2

5 3 .3 5 9 0 .4 2 9 6 .2 - mm *» 3 .17 0 .18 -

6 2 .9 5 9 0 .5 2 9 6 .2 - - mm ~ 2 .7 8 0 .17 -

7 2 .8 9 9 1 .3 296 .1 - - mm - 2 .70 0 .19 -

8 3 .4 7 9 0 .8 2 9 6 .1 - - - 3 .2 6 0 .21 •

9 2 .8 4 9 1 .0 294 .3 - - «*► 2*66 0 .1 8 -

10 2 .6 4 9 0 .9 2 9 6 .4 - mm mm • 2 .48 0 .1 6 -

11 3 .1 1 9 0 .2 296 .1 «P» m — - 2 .95 0 .1 6 -

12 3 .2 7 8 9 .2 296 .4 - - - -

4 .8 0 0 .2 1
-

13 1 . 9 6 7 3 .9 3 2 7 .4 - - — mm 0 .2 2

T o t a l s  3 8 .1 2 0 .6 3 1 .3 0 0 .3 9 1 .0 6 32 .60 1 .9 2 0 .2 2

?*  E s t e r s 1 .6 5 3 .4 1 1 .0 2 2 .7 8 8 5 .5 2 5 .04 0 .5 8

io  A c id s 1 .6 3 3 .39 1 . 0 1 2 .7 6 8 5 .5 6 5 .04 0 .6 1

i<> F r a c t i o n [3 4 .9 ) 0 .57 1 .1 8 0 .35 0 . 9 6 29 .8 ? 1 .7 6 0 .2 1

A sam ple  o f  B8 e s t e r s  a f t e r  i s o m e r l s a t i o n  a t  180°C/60 m in . had 

4 5 . 5 ,  t h e  U.V. a b s o r p t io n  o f  th e  u n i s o m e r i s e d  e s t e r s
x cm

b e i n g  v e ry  s m a l l 5 3/ * ^ . ^
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fab le .,  53 -  D i s t i l l a t i o n  o f  C e s t e r s  from a n te lo p e  f a t

No w t .
m *

* I . V . S .E . C* © 
'14

0 1 16
« 11  

16 0 1 18 0 11  1 8
n 111  
° 1 8 JUS.

1 1 . 9 4 3 7 . 2 2 3 8 . 4 2. . 2 0 0 . 7 2 0 . 0 2 *~ mm mm

2 2 . 8 0 7 4 . 7 2 5 8 . 1 0 . 6 6 2 . 0 7 0 . 0 7 - mm - -

3 3 . 3 1 9 7 . 6 2 6 6 . 5 *<• 3 . 2 1 0 * 1 0 mm - •

4 6 . 6 9 1 1 9 . 6 2 8 0 . 2 •m 2 . 4 7 0 . 0 8 1 . 2 5 2 i 3 8 0 . 5 1 -

5 3 . 2 8 1 5 5 . 4 2 9 1 . 5 \ - mrn -

6 3 . 0 5 1 5 3 . 8 2 9 2 . 4 - - - mm

7 3 . 3 7 1 5 4 . 1 2 9 2 . 6 - mm - mm

8 2 . 5 7 1 5 4 . 4 2 9 2 . 0 mm - - -

9 3*16 1 5 0 . 1 2 9 1 . 8 mm mm mm

10 3 . 0 0 1 5 0 . 4 2 9 2 . 9 mm - 9 . 1 8 17*43 3 . 7 0 -

11 3 . 4 6 1 5 0 . 8 2 9 3 . 5 - - - mm

1 2 3 . 0 9 1 5 0 . 9 2 9 5 . 4 - mm - -

13 1 . 5 9 1 5 1 . 7 2 9 5 . 7 y - • *r

14 4 . 1 7 1 5 4 . 7 3 3 3 . 9
/ - - - 0 . 4 3

T o t a l s  4 5 . 4 8 i . 8 6 8 . 4 7 0 . 2 7 10 . 4 3 1 9 . 8 1 4 . 2 1 0 . 4 3

$  E s t e r s 4 . 0 9 1 8 . 6 2 0 . 5 9 22 . 9 3 4 3 . 5 6 9 . 2 6 0 . 9 5

i A c id s 4 . 0 5 1 8 . 5 5 0 . 5 9 22 . 9 7 4 3 . 5 8 9 . 2 6 1 .00

i 9 F r a c t i o n  ( 3 9 . 7 ) 1 .6 1 7 . 3 6 0 . 2 3 9 . 1 2 1 7 . 3 0 3.68 0 . 4 0

F r a c t i o n
04
08

I s o m e r i s a t i o n  D a ta  v a lu e s )

I . ? ,  a c i d s  234mu 268m;
1 2 4 . 8
1 5 7 .3

254mp
3 3 0 .8

58 7 .9

sa u

66 •  5"

& M easured  a f t e r  i s o r a e r i s a t i o n  a t  170 C / l5 m in .  -  r e m a in d e r  a f t e r  
180 C/6pmin> The U.V. a b s o r p t i o n  o f  th e  u n i s o m e r i s e d  f r a c t i o n s  
was n e g l i g i b l e .
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la lb le  54 -  Component a c i d s  o f  a n te lo p e  f a t

A cid A B C T o ta l
#  w t.

E x c lu d in g  
Un s a  rooni f  i  a b l  @
# w t. #  m o l.

S a t u r a t e d
l y r l s t l © " Q.62 0 .5 7 1 .6 1 2 .8 0 2 .8 2 3 .3 6
P a l m i t i c 1 9 .2 8 1 .1 8 - 20 .4 6 2 0 .6 2 21 .8 5
S t e a r i c 3 .7 9 «•» 3 .7 9 3 .8 2 3 .6 5
A r a c h id i c 0 .3 8 - - 0 .3 8 0 .3 8 0 .3 3
U n s a tu r a t e d  
f e t r a d e c e n o i  c * ^ 0 .3 5 ri|l| 0 .3 5 G.35 0 .4 2
H e x ad ecen o ic 0 .0 5 0 .9 6 7 .3 6 8 .3 7 8 .4 4 9 .0 2
H exad  e c ad i  eno i  c - « . 0 .2 3 0 .2 3 0 .2 3 0 .2 5
O e ta d e c e n o ic 1 .1 0 2 9 .8 7 9 .1 2 40 .0 9 4 0 .4 2 3 8 .8 8
O c ta d c c a d ie n o ie - 1 .7 6 1 7 .3 0 19 .0 6 1 9 .2 1 1 8 .6 2
0 c t a d e c a t r i e n o i c - 3 .6 8 3 .6 8 3 .7 1 3 .6 2
U n s a p o n i f i a b l e 0 .1 8 0 .2 1 0 .4 0 0 .7 9 — —

The f o l l o w i n g  a c i d s  w ere  i d e n t i f i e d  i n  a p p r o p r i a t e  f r a c t i o n s

o f  a n t e l o p e  f a t s -  P a l m i t i c  a c i d  m .p t ,  62 -63°C . * . s t e a r i c  a c i d  

m .p t .  6 8 - 6 9 ° C . |  o l e i c  a c i d  a s  d i h y d r o x y s t e a r i c  a c i d  m .pt*  

1 2 9 .5 ~ 1 3 0 .5 ° C . ; h e x a d e c e n o ic  a c id  a s  d ih y d r o x y p o lm i t i c  a c id  

m .p t .  1 2 6 .5 - 1 2 7 .5 ° C .» l i n o l e i c  a c i d  a s  t e t r a b r o m o s t e a r i c  a c id  

1 1 2 -1 1 3 ° 0 . i  l i n o l e n i c  a c i d  a s  h e x & b ro m o s te a r ic  a c i d  m .p t .  

1 8 2 -1 8 3 ° G .• Q u a n t i t a t i v e  b ro m in a t io n  showed th e  p r e s e n c e  o f  

3 .2 #  l i n o l e i c  and 3•0#  l i n o l e n i c  a c i d  i n  c o n t r a s t  to  th e  v a l u e s  

o f  5 7 .0 $  and 6,4# o b t a i n e d  by i s o m e r i s a t i o n  p r o c e d u r e s  f o r  

o o ta d e o a d l-  a n d -  t r i e n o i c  a c i d s  r e s p e c t i v e l y *  T hese  r e s u l t s  

s u g g e s t  th a t  th e  C18 p o ly e th e n o id  a c i d s  o f  a n t e l o p e  f a t  a r e  

n o t  e s s e n t i a l l y  l i n o l e i c  and l i n o l e n i c  a c i d s .



1 2 0

A n a ly s is  o f  Sea L ion  O il ( se e  page 57)

f a b le  55 •* F r a c t io n a l C r y s t a l l i s a t io n  o f  Sea l i o n  O il
(c o r r e c te d  w e ig h ts ]

Mixed A cid s 2G1.7gm. I .V . 179*5

10 x  MeOH ~60°0

lu b le  122*3gm. I*V . 9'1 .4
1

S o lu b le  79*4gm. I .V .  
3 0 9 .0  

(F r a c tio n  C)

10 x  MeOH ~30°0

I n s o lu b le  69*2 gsu I.V* 56*5  

(F r a c t io n  A)

S o lu b le  53.1gm . I .V .  
1 4 2 .7  

(F r a c tio n  B)

i . e .

F r a c tio n A B 0

w eig h t (gm ).

$> wt* o f  t o t a l  

I .V .

6 9 .2

3 4 .3

5 6 .3

5 3 .1

2 6 .3

1 4 2 .7

79*4

3 9 .4

309*0
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f a b l e  56 -  D i s t i l l a t i o n  o f  A e s t e r s  o f  se a  l i o n  o i l

Ho. w t* gm. I .V , 3 . E . n © 
14 C1 6 ° C. 0 ° 18 c 114 “xe1

to  t 
°18

* f n
20 M.S.

1 2* 6 6 2 . 7 2 4 2 . 4 2 . 5 9 0 .0 7 -»
2 2 . 7 5 1 2 . 8 2 5 9 . 0 0 . 9 2 1 . 5 2 — 0 . 0 2 0 . 2 7 - - -
3 3* 2 8 1 4 . 5 2 6 8 . 7 «■* 2 . 7 8 — « 0 .5 0 - — -
4 3 * 0 5 1 2 . 9 268* 5 - 2 . 6 3 — 0 . 4 2 — - —
5 2 . 3 1 1 1 . 7 2 6 9 . 0 — 2 . 4 6 — — 0 . 3 5 — — -
6 3 . 3 3 1 0 . 0 2 6 9 . 3 ~ 2 . 9 8 — «. 0 . 3 5 - -
7 3 . 2 6 9 . 6 2 6 9 . 2 — 2 . 9 3 - — 0 . 3 3 - — -
8 2 . 7 2 1 9 . 5 2 7 4 . 7 — 1 . 9 0 0 . 1 0 - 0 . 2 1 0 . 5 1 -
9 2 . 8 5 4 7 . 4 2 8 4 . 0 — 1 . 0 7 0 . 2 6 — 0 . 1 2 1 . 4 0 — —

1 0  3 . 7 2 7 2 . 3 2 9 4 . 3 — 0 . 1 5 0 . 5 6 -  ' 0 . 0 2 2 . 9 9 - —
1 1  2 . 9 8 7 4 . 3 2 9 5 . 6 - 0 . 4 7 - 2 . 5 1 - -
1 2  3 . 0 0 7 3 . 7 2 9 5 . 9 0 . 5 1 - - 2 . 4 9 -
1 3  3 . 2 3 7 1 . 7 2 9 6 . 3 _ 0 . 6 2 - - 2 . 6 1 -
1 4  3 . 3 4 6 8 . 1 2 9 6 . 3 — 0 . 7 8 - - 2 . 5 6 - -
1 5  1 . 7 4 64. I 2 9 6 . 4 0 . 4 9 - - 1 . 2 5 • -
1 6  1 . 1 1 7 7 . 4 303.3 - 0 . 2 3 - - 0 . 5 7 0 . 3 1 -
1 7  5 . 5 0 1 5 h l 3 2 7 . 7 ~* *** «■* «"» 5 . 4 5 0 . 0 5

T o t a l s  5 1 . 3 1 3 . 5 1 1 8 . 4 2 4 . 0 2 0 . 0 9 2 . 5 7 1 6 . 8 9 5 . 7 6 0 . 0 5
$  E s t e r s 6 . 8 4 35 .8 9 7 .8 3 0 . 1 8 5 . 0 1 3 2 . 9 2 1 1 , 2 3 0 . 1 0
$  A c id s 6 . 7 7 3 5 . 8 0 7 . 8 5 0 . 1 8 5 .0 0 3 2 . 9 9 1 1 . 3 0 0.11

$  f r a c t i o n ( 3 4 . 3 ) 2 . 3 2 1 2 . 2 7 2 . 6 9 0.06 1 . 7 2 11.32 3.88 0 . 0 4

+ a v e r a g e  u n s a t u r a t i o n  -  2 .1H . t  a v e ra g e  u n s a t u r a t i o n  -  3 .8H
I  so me r i  s a t  io n  D a ta

f r a c t io n  A l l  (IV o f  a c i d s  78*1) a f t e r  i s o m e r i s a t i o n  w i th  21$ 

p otassiu m  h y d r o x id e  i n  e th y le n e  g l y c o l  a t  1 8 0 °C /l5 m in .  had  

o f  14*5 and 9*8 a t  234 and 268mjs* r e s p e c t iv e ly !  th e  

TJ*V* a b so r p tio n  o f  th e  u n iso m o rised  f r a c t io n  b e in g  n e g l i g i b l e .

«
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Table 57 - Distillation cri B esters from . e<* lion oil

» 0 .  w t -gsa* I .V •* S .E . c °14
f t  o 

16 r 1
°14

-L • 
IF! ♦

16
c .» 

»f  »
18

p .»r t  »

20
4 .

V M . 3 •

1 2 .5 1 2 2 .7 2 4 1 .0 1 .9 7 0 .5 4 . . m m m m

2 2 .9 5 7 0 .6 2 5 8 .5 0 .7 4 0 .1 6 0 .2 0 1 .8 5 •» m m mm

3 2 .8 4 9 2 .8 2 6 7 .4 0 .2 2 — 2 .6 2 ... — mm

4 3 .4 5 89*6 2 7 3 .9 — 0 . 2 0 — 2 .3 4 0 .9 1 _ m m

5 2 .7 6 9 2 .4 2 8 6 .1 - 0 .0 6 — 0 .7 0 2 .0 0 mm —

6 3 .3 7 9 2 .2 2 9 2 .2 0 . 0 2 — 0 .1 8 3 .1 7 mm —

7 3 .0 4 9 2 .9 2 9 3 .9 - — — — 3 .0 4 — mm —

8 3 .0 8 9 3 .1 293*6 — — — 3 .0 8 m m —

9 4 . 0 8 9 2 .9 294*7 - - — 4 .0 8 — - -

10 3 .3 9 9 3 .2 295 .6 — — 3 .3 9 - •

11 2 .9 4 9 5 .3 2 96 .6 «. — — 2 .90 0 .0 4 — —

12 2 .9 1 1 4 7 .3 2 9 9 .4 - — «... - 1 .8 4 1 .0 7 -

13 3 .3 1 2 1 4 .3 3 1 5 .6 - • » 0 .6 0 2 .7 1 -

14 2 .8 2 2 3 7 .0 3 2 6 .3 — — — 2 .2 4 0 .5 7 0 .0 1
15 6 .5 3 2 7 6 .5 3 3 0 .9 - - - 4 .2 7 2 .2 1 0 .0 5

T o ta ls  4 9 .9 8 2 .71 0 .6 6 0 .7 4 7 .6 9 25 .0 1 1 0 .3 3 2 .7 8 0 .0 6
$ E a t e r s 5 .4 2 1 .3 2 1 . 4 8 1 5 .3 9 50 .04 2 0 .6 7 5 .5 6 0 .1 2
$  A c id s 5 .37 1 .3 1 1 .4 6 1 5 .3 2 50 .05 2 0 .7 6 5 .6 0 0 .1 3

$  F r a c t i o n ( 2 6 . 3 ) 1 .4 1 0 . 3 4 0 .5 8 4 . 0 3  1 3 .1 7 M ? 1 . 4 7 0 .0 3
ifr WiJ*s 1 hour*
1# A verage u n sa tu r a t io n  -  2.1H  
2* A verage u n s a t u r a t i o n  -  2*2H 
3 . Average u n s a t u r a t i o n  -  6.1H 
4* A verage u n s a t u r a t i o n  -  9.6H

F r a c t io n
B3

B8

m 3

I .V . o f  a c id s  
9 4 . 7

9 7 * 1

.4

I s o m e r i s a t i o n  D a ta  ( -^Xom v a l u e s ) 

268mq 315m 546au23 Arm
2 7 .6  9 .1
( 3 .4 )  ( 0 .5 )

3 5 .4  1 8 .1
(5 . 0 ) (0 . 6 )

7 .4
(0)

9 .8
( 0 )

4 .7
(0 )

2 3 9 .0  2 5 2 .3  1 5 1 .0  65*1
(1 8 .0 )  ( 4 .4 )  (0 )  (0 )

A l l  th e s e  v a lu e s  were m easured a f t e r  i s o m e r is a t io n  w ith  21$  
K O H /glycol a t  1 8 0 * 0 /1 5  m in. C o n s is te n t  r e s u l t s  were 
d i f f i c u l t  to  o b ta in  b ecause o f  tu r b id it y  ( s e e  page 69 ) .  
F ig u r e s  in  p a r e n th e se s  in d ic a t e  a b so r p tio n  when u n iso m er ised



T ab le  53 -  D i s t i l l a t i o n  o f  C e s t e r s  from s e a  l i o n  o i l

No. wt <i 1 . 2 . 3 . 4 . 5 .
m »

t rr j. . V . S .E . t fi ♦
14

* n l
16 ,C1 8 ’ * C *°20 ,C2 2 f ff.-b.

1 2 .5 6 9 6 .7 2 4 3 .9 2 .2 3 0 .3 3 mm mm *» mm

2 2 .8 0 oJ- C- J  . c. 2 6 3 .3 0«41 2 .3 9 mm — mm

3 3 .5 5 124 . 0 2 6 4 .4 0 .3 9 3 .1 6 •P — — mm

4 3 .1 3 1 2 3 .3 2 6 6 .4 0 .1 4 2 .9 9 ~ «• — m m

5 3 .2 3 1 4 8 .4 2 8 1 .5 1 .4 8 1 .7 5 — — mm
6 3 .2 1 1 6 1 .2 289*2 - 0 .5 6 2 .6 5 «• «•* —
7 3 .3 8 1 6 1 .9 29 1 .1 — 0 .3 7 3 .0 1 - —
8 3 .3 7 2 6 2 .4 3 0 2 .8 - — 2 .0 6 1 .3 1 - —
9 2 .7 3 3 1 6 .7 3 0 7 .2 ■09 1 .1 5 1 .5 8 - -

10 3 .0 4 35 1 .1 3 1 2 .7 — — 0 .5 8 2 .4 6 - —
11 2 .9 8 3 6 5 .1 3 1 7 .2 — - 0 .0 3 2 .9 5 - —

12 3 .2 1 3 7 3 .3 322 *4 — 2 .5 6 0 .6 5
13 3 .5 2 3 7 6 .3 3 2 4 .0 — — - 2 .7 0 0 .8 1 0 .0 1
14 3 .4 2 384 . 6 3 2 8 .0 — - - 2 .1 0 1 .3 1 u . o i
15 3 .2 7 3 8 3 .3 3 3 2 .2 - - 1 .4 9 1 .7 7 0 .0 1
16 3 .4 5 3 8 6 .6 3 3 3 .4 ~ _ — 1 .4 2 2 .0 2 0 .0 1
17 3 .0 4 3 9 2 .9 3 3 4 .3 mm - - 1 .1 6 1 .8 7 0 .0 1
18 3 .2 2 38 1 .1 3 3 3 .4 - ~ mm 1 .3 3 1 .8 8 0 .0 1
19 3 .0 6 3 8 2 .0 3 3 4 .8 — — • 1 .1 1 1 .9 4 0 .0 1
20 2 .7 8 3 6 0 .2 3 3 6 .7 — — —

21 1 .0 4 355 .1 3 3 2 .4 - - 2*81 6 .5 9 0 .1 4
22 5 .7 2 22 8 .7 3 3 6 .3 - —

T o t a l s  65*.7X 3 .1 7 1 1 .2 8 1 1 .2 3 2 4 .9 8 1 8 .8 4 G. 21
p E s t e r s 4 .4 5 1 6 .1 8 1 6 .1 1 35 .8 3 27 .03 0 .3 0
<T?
p A cid s 4 .5 0 1 6 .0 6 1 6 .0 7 3 5 .8 9 27 .17 0 .3 1

$  F r a c t i o n  (3 9 .4 )  
+ W i.i 's  1 h o u r .

1 .7 7 * 6 .3 3 6 .3 3 1 4 .1 5 1 0 .7 0 0 .1 2

k i A X C S C *  v U I  d f  w X U A i  — J *  •  { * * .  •  w u u »  u w a  u  —  c _  •  »

Average u n s a t u r a t i o n  - 4 . 3^. 4* A verage  u n s a t u r a t i o n  -9 .13 .
5* A verage u n s a t u r a t i o n  -1 0 .8 H .  
C 1

II.
* i . e .  0.2355 0 "s 1 .54;

'14  • I .V .
F r a c t i o n  ffiP-i&g 

03

I s o m e r i s a t i o n  D a t a ' v a lu e s ]
J2$m . 268mu 300mu 31jmu ,ftvl&6mu

124*9 1 1 0 .4 (7 .6 ,)  5 8 ^ 9 (0 .8 )  T 4 7 J ( 0 ) .  ^ 5 ^ 7 5 (0 .)  3 • !
2 7 3 .1 1 3 1 .0 ) 1 3 6 .6 ( 3 .7 )  U 7 .B ( p j  1 0 6 .9 1 0 )  1 3 . d
3 6 3 .0 ( 5 0 .7 ;  330,. 1 ( 1 8 .3 )  -  4 3 ? . 3 ( 4 . b ) ^ . 2

14

O i l
017

1 6 1 .5
3 5 7 .2
405* 5 413*6 ( 5 9 17 j 4 1 4 .8 ( 3 2 .1 ) 3 2 0  • 8 ( 6 . 0 ) 3 7 5 . 9 ( 8 . 6 )324.1

A l l  t&es© r e s u l t s  w ere  obt&nea a f t e r  i s o m e r i s a t i o n  w i th  21$ 
K O H /glycol a t  180°C f o r  15 m in . F i g u r e s  i n  p a r e n t h e s e s  
i n d i c a t e  U.V. a b s o r p t i o n  v a l u e s  when m n is o m e r is e d .
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T a b le  59 -  Component a c i d s  o f  s e a  l i o n  o i l

A c id A B 0 T o ta l
E x c lu d in g

U n s a u o n i f i a b l e
$ w t. fo w t . fa m o l.

S a t u r a t e d
f i j y r l s i i c 2 .3 2 1 .4 1 0 .2 3 3 .9 6 3 .9 7 4 .8 8

P a l m i t i c 1 2 .2 7 0 .3 4 - 1 2 .6 1 1 2 .6 3 1 3 .6 3

S t e a r i c 2 .6 9 •m ■ • 2 .6 9 2.70 2,66

U n s a tu r a t e d

°14 
( - 2 . OH) 0 .0 6 0 .3 8 1 .5 4 1 .9 8 1.98 2.46

°16
( -2 .4 H ) 1*72 4 .0 3 6 .3 3

j
1 2 .0 8 12.10 1 3 .3 7

C18 
(»2• 6H) 1 1 .3 2 13*17 6 .3 3 30 .82 3 0 .8 9 3 0 .7 6

2̂0
( -7 .5 H ) 3.68 5 .4 7 1 4 .1 5 23*50 2 3 .5 4 21. 6?

C22
(~10*7H) 1 .4 7 1 0 .7 0 1 2 .1 7 1 2 .1 9 1 0 .3 7

U h s a p o n i f i a b l e 0 • 04 0 .0 3 0.12 0 .1 9 - -

figures in parentheses indicate mean unsaturations.
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I n t r o d u c t i o n

I t  h a s  been  rem a rk ed  i n  P a r t  I  t h a t  i n v e s t i g a t i o n s  o f  

v e g e t a b l e  f a t s  h a v e  b e e n  much more e x t e n s i v e  th a f t  t h o s e  

on a n im a l  f a t s *  T h u s , th e  s t r u c t u r e s  o f  many a c i d s  t h a t  

a r e  c h a r a c t e r i s t i c  o f  v e g e t a b l e  f a t s  have  b e e n  d e te rm in e d  

w ith  a  good d e a l  o f  a c c u ra c y  ( e . g .  P a r t  I I I ) .  However, 

i n  a n im a l  f a t s ,  t h e  i n f o r m a t i o n  on th e  s t r u c t u r e  o f  th e  

u n s a t u r a t e d  a c i d s  i s  n o t  n e a r l y  so com p reh en s iv e  and i n  many 

/^analyses o n ly  th e  a v e ra g e  u n s a t u r a t i o n  o f  a  g ro u p  o f  a c i d s  

i s  r e c o rd e d *  T h is  d e f i c i e n c y  i n  o u r  know ledge o f  an im a l 

f a t a *  a s  compared to  t h e  v e g e t a b l e  f a t s ,  i s  a lm o s t  e n t i r e l y  

due t c  t h e  r e l a t i v e  c o m p le x i ty  o f  th e  u n s a t u r a t e d  a c i d s  

p r e s e n t  i n  an im al f a t s .  The c o m p l ic a te d  m ix t u r e s  o f  @20-22 

u n s a t u r a t o d  a c i d s  c h a r a c t e r i s t i c  o f  m ar in e  a n im a l  o i l s  w i l l  

i l l u s t r a t e  t h i s  p o i n t .  D i f f i c u l t i e s  i n  th e  c h a r a c t e r i s a t i o n  

o f  u n s a t u r a t e d  a c i d s  a r e  i n c r e a s e d  b o th  by t h e  th e rm a l  

i n s t a b i l i t y  o f  th e  a c i d s  and by th e  i n t r i c a t e  t a s k  o f  

s e p a r a t i n g  th e  a c i d s  w hich  may be o f  th e  same c h a in  l e n g t h ,  b u t  

d i f f e r i n g  o n ly  i n  th e  p o s i t i o n s  and c o n f i g u r a t i o n s  o f  th e  

u n s a t u r a t e d  c e n t r e s ,  and s in c e  an unam biguous r e s u l t  r e q u i r e s  

t h e  s e p a r a t i o n  o f  t h e  a c i d  f r e e  o f  a l l  m a jo r  i m p u r i t i e s ,  t h e  

d i f f i c u l t y  o f  a n a l y s i s  w i l l  be  a p p r e c i a t e d .

Many m ethods o f  s e p a r a t i n g  u n s a t u r a t e d  a c i d s  have  b e e n  

t r i e d ,  and c h ro m a to g ra p h ic  p r o c e d u r e s  seem to  be y i e l d i n g
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t h e  b e s t  r e s u l t s ,  a l t h o u g h  f u r t h e r  d ev e lo p m en t  i s  r e q u i r e d  

( e . g .  Hammond and L undberg  1 9 5 3 ) .  [ Ifox r e f e r e n c e s  to

P a r t  IX see  page  151]. I n  t h i s  work a t t e m p t s  have  b e en  

made t o  e f f e c t  s e p a r a t i o n s  u s i n g  a  v a r i e t y  o f  m e th o d s ,  

n o t a b l y  f r a c t i o n a l  c r y s t a l l i s a t i o n ,  f r a c t i o n a l  d i s t i l l a t i o n ,  

c h ro m a to g ra p h y , and  f o r m a t io n  o f  u r e a  c o m p lex e s ,  none o f  which 

ho w ever gave e n t i r e l y  s a t i s f a c t o r y  r e s u l t s .

Assum ing t h a t  a  r e a s o n a b ly  p u re  sam ple o f  an  u n s a t u r a t e d  

a c i d  i s  a v a i l a b l e  t h e  p r o b i a s  o f  d e te r m in in g  i t s  s t r u c t u r e  

h a s  s t i l l  to  be  s o lv e d .  Most a n a l y s e s  o f  u n s a t u r a t e d  a c i d s  

i n v o lv e  th e  r u p t u r e  o f  th e  u n s a t u r a t e d  l i n k a g e s  and th e  

s u b s e q u e n t  i d e n t i f i c a t i o n  o f  th e  p r o d u c t s .  T h is  m ethod 

i s  qu it®  s a t i s f a c t o r y  i n  th e  i n v e s t i g a t i o n  o f  t h e  mono- 

u n s a t u r a t e d  a c i d s ,  s i n c e  t h e r e  i s  no a m b ig u i ty  i n  th e  

i n t e r p r e t a t i o n  o f  th e  r e s u l t s .  However, i n  th e  c a s e  o f  t h e  

more h i g h l y  u n s a t u r a t e d  a c i d s ,  com p le te  o x i d a t i o n  y i e l d s  

p r o d u c t s  w hich  can be c h a r a c t e r i s t i c  o f  a num ber o f  d i f f e r e n t  

a c i d s  and c o n s e q u e n t ly  t h e  c o n s t i t u t i o n  o f  t h e s e  a c i d s  can  be 

g iv e n  o n ly  a s  a  number o f  a l t e r n a t i v e s .  ( T u t i y a  1 9 4 1 ,

B a u d a r t  1 9 4 3 , of* K lenk and Bongard 1 9 5 2 ) .  I t  was t h e r e f o r e  

su rm is e d  t h a t  a  p r o c e s s  o f  in c o m p le te  o x i d a t i o n  o f  th e  

u n s a t u r a t e d  a c i d s  and a n a l y s i s  o f  th e  p r o d u c t s  m ig h t  p ro v e  

e x t r e m e ly  u s e f u l ?  i n  t h i s  way th e  p r o d u c t s  o f  o x i d a t i o n  

w ould  g iv e  th e  p o s i t i o n s  o f  th e  d o u b le  b o n d s  w i th o u t  any  

a m b ig u i ty ,  e . g .  i f  an  o c t a d e c a t e t r a e n o i c  a c i d  on e x a m in a t io n
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by t h i s  method g av e  a  m ix tu r e  o f  CL, CQ, C ^ and Cn d i c a r b o x -4 9  12 15
y l i c  a c i d s  and a  m ix tu r e  o f  C -^ ,  C1 0 , 06 and mono c a r b o x y l  i e

a c i d s  t h e n  t h e  s t r u c t u r e  o f  t h e  a c i d  c a n  be g iv e n  a s

o o t a d e e - 4 * 3 * 12  ? 1 5~ t  e t r a e n o i c  a c i d .  How ever, i t  i s  o b v io u s

t h a t  a  m ethod  su c h  a s  t h i s  dep en d s  on th e  r e l i a b i l i t y  o f  

a n a l y s i n g  t h e  p r o d u c t s  o f  o x i d a t i o n ,  which i n  t h i s  c a s e  w ere  

mono and d i o a r b o x y l i c  a c i d s .  C o n s id e r a b le  t im e  and  a t t e n t i o n  

was t h e r e f o r e  p a id  to  d e v i s i n g  s u i t a b l e  means o f  e s t i m a t i n g  

mono^ and d i o a r b o x y l i c  a c i d s .

S e p a r a t i o n  o f  h i c a r b o x y l ! c  A c id s

As i t  i s  c l e a r l y  d e s i r a b l e  to  be a b le  to  a n a ly s e  v e ry  

s m a l l  q u a n t i t i e s  o f  m a t e r i a l ,  a  m ic ro  m ethod was a d o p te d .

A t e c h n iq u e  w h ich  h a s  b e e n  u se d  i n  s i m i l a r  c i r c u m s ta n c e s  was 

t h a t  o f  p a r t i t i o n  c h ro m a to g rap h y  a s  d e v e lo p e d  by Begemann, 

K e p p le r  and Boekenoogen (1 9 5 0 ) .  T hese  a u th o r s  u s e d  a  column 

o f  s i l i c a  g e l  to  s u p p o r t  an  aq ueous im m obile  p h a se  c o n s i s t i n g  

o f  a  m ix tu r e  o f  w a t e r ,  e t h y l  and m e th y l  a l c o h o l s  i n  f i x e d  

p r o p o r t i o n s .  The m o b ile  p h a se  was fo rm ed  o f  a  b e n ze n e  s o l u t i o n  

o f  t h e  d i o a r b o x y l i c  a c i d s  u n d e r  e x a m in a t io n .  About 20mg. o f  

t h e  d i o a r b o x y l i c  a c i d s  was d i s s o l v e d  i n  a  few c . c .  o f  th e  

b e n ze n e  p h a se  and p l a c e d  on th e  column o f  s i l i c a  g e l 5 th e  

m ix tu r e  was t h e n  d e v e lo p e d  by p e r c o l a t i o n  o f  th e  b e n z e n e  p h a s e .  

The p e re o la t®  was c o l l e c t e d  i n  1 c . c .  p o r t i o n s ,  a l l  o f  w hich  

w ere  s e p a r a t e l y  t i t r a t e d  w i t h  a  s t a n d a r d  s o l u t i o n  o f  a l c o h o l i c  

p o ta s s iu m  h y d r o x i d e ,  th u s  g i v in g  an i n d i c a t i o n  o f  t h e  q u a n t i t y  

o f  a c id  i n  t h e  p e r c o l a t e .  These  a u t h o r s  f u r t h e r  s u g g e s t



t h a t  by v a r y i n g  t h e  column h e i g h t s  ana l i q u i d  p h a s e s ,  t h e  

a n a l y s i s  can be a d a p te d  to  any p a r t i c u l a r  d i c a r b o x y l i o  a c i d  

o r  m ix t u r e  o f  a c id s *  The e f f i c i e n c y  o f  t h i s  m ethod was 

exam ined  by c o n s t r u c t i n g  v a r i o u s  columns u n d e r  d i f f e r e n t  

c o n d i t i o n s  and u s i n g  v a r i o u s  s o l v e n t s  a s  t h e  im m obile  phase#  

I t  was found  t h a t  on u s i n g  s y n t h e t i c  m ix t u r e s  o f  d i c a r b o x y l i e  

a c i d s ,  i t  was d i f f i c u l t  t o  o b t a i n  re r> ro d u c ib le  r e s u l t s  u s i n g  

s i l i c a  g e l  a s  th e  column c a r r i e r  (p re p a re d  a s  Gordon, M a r t in  

and Synge 1 9 4 3 ) ,  and  much b e t t e r  r e s u l t s  c o u ld  be o b t a i n e d  

by  u s i n g  a  d ia to m a c e o u s  e a r t h  ( C e l i t e  535) a s  th e  c a r r i e r .

A s i m i l a r  m a t e r i a l  ( C e l i t e  545) h a s  been  u se d  s u c c e s s f u l l y  

by P e t e r s o n  and  Jo h n so n  (1 9 4 3 ) ,

e*g* T e s t  m ix tu r e  10 c o n s i s t e d  o f  6.4mg* d o d e c a n e d io io  

(C1 2 ) ,  9 • 3mg. s e b a c i c  (C^q ) and 16.4mg* a s e l e i c  (0^) a c i d .  

T h is  was d i s s o l v e d  i n  b e n z e n e , t h e  s o l u t i o n  p l a c e d  on a  

colum n o f  C e l i t e  535 and th e  a n a l y s i s  c a r r i e d  o u t  ( s e e  

e x p e r i m e n t a l ,  p .  14'$ g i v in g  r e s u l t s  a s  shown i n  F ig u re  4 .

A q u a n t i t a t i v e  e s t i m a t i o n  o f  th e  am ounts o f  t h e  v a r i o u s  a c i d s  

was a l s o  made by d e te r m in in g  th e  t o t a l  q u a n t i t y  o f  s t a n d a r d  

a l k a l i  u s e d  to  n e u t r a l i s e  e a c h  a c i d .  I n  t h i s  c a se  th e  

q u a n t i t a t i v e  r e s u l t s  a r e  n o t  v e ry  good ( v i s *  7 ,6m g. 0 ^ 2 t 

ll«9m g« C-̂ q and 14*2mg* 0^) b u t  t h i s  may be due to  t h e  

i n a c c u r a c y  o f  th e  b l a n k  m easu rem en ts  used*  N e v e r t h e l e s s  i t
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can  be s e e n  t h a t  a  good q u a l i t a t i v e  s e p a r a t i o n  h a s  been  

a c h i e v e d • F ig u re  5 shows a  s i m i l a r  s e p a r a t i o n  o f  7 .8m g.

Gj 9 7 . 1 mg. Cg and 7 .4rag . C^. A v ig o r o u s  t e s t  o f  th e  

e f f i c i e n c y  o f  th e  m ethod was p ro v id e d  by th e  s e p a r a t i o n  o f  a 

m ix tu r e  o f  9 acid©  a s  f o l lo w s * -  C-^ 4 .2 m g . ; 3 .4 m g . ;

C^q 3 * 4m g .; 4 .3 m g . ; C8 5.3m g. $ Gy 4 .0 mg. * Cg 4 .6 r a g . ;

0^ 8 .3m g . and  ? . 6 s g .  A s e p a r a t i o n  o f  t h e s e  a c i d s  was 

a c h ie v e d  ( w i th  th e  e x c e p t io n  o f  ^ 1 3 ^ 1 2  )by em ploy ing  two 

co lu m n s , one o f  l e n g t h  34cm. to  s e p a r a t e  th e  h i g h e r  a c i d s  

g i v in g  r e s u l t s  a s  i n  F ig u re  6A and one l e n g t h  9cm. s e p a r a t i n g  

t h e  lo w e r  a c i d s  a s  i n  F ig u r e  6B ( s e e  e x p e r im e n ta l  p .  147 ) #

The i d e n t i t y  o f  any p a r t i c u l a r  p eak  ( o b t a in e d  by t i t r a t i o n )  

w i th  an  a c i d  can  be  c o n f i rm e d  by r e p e a t i n g  th e  p e r c o l a t i o n  

w i th  an a u t h e n t i c  sam ple o f  th e  s u s p e c t e d  a c i d .  However i t  h a s  

b e en  fo u n d  t h a t  by k e e p in g  o t h e r  c o n d i t i o n s  c o n s t a n t  v i z .  

p a c k in g  and l e n g t h  o f  co lum n, w e ig h t  o f  sa m p le , n a t u r e  o f  

m o b i le  and im m obile  p h a s e s ,  t h e  n a t u r e  o f  th e  a c i d  can  u s u a l l y  

by d e te r m in e d  by o b s e r v i n g  th e  p eak  e f f l u e n t  vo lum es  e . g .

A, B and 0 i n  F ig u re  6B.

S e p a r a t i o n  o f  M o n o o a rb o x y lic  A c id s

A c o n s i d e r a b l e  num ber o f  m ethods a r e  a v a i l a b l e  f o r  t h e  

a n a l y s i s  o f  m ix t u r e s  o f  sm a l l  q u a n t i t i e s  o f  m o n o c a rb o x y l ie  

a c i d s .  Most o f  t h e s e  employ a  sys tem  o f  p a r t i t i o n  

c h ro m a to g ra p h y  ( e . g .  R ijkam p 1951 , 1 9 5 3 , 195 4 , M arvel and 

Rands 1950) b a s e d  on th e  p ro c e d u re  p ro p o s e d  by Ramsey and 

P a t t e r s o n  (1 9 4 5 , 1 9 4 8 ) .  I n  t h i s  m ethod th e  a c i d s  a r e
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s
s e p a r a t e d  02a a  colum n o f  s i l i c a  g e l  w i th  m e th a n o l  a s  t h e  

im m ob ile  s o l v e n t ,  2 s 2*4 t r i m e t h y l  p e n ta n e  a s  t h e  m o b ile  s o l v e n t  

and b ro m o c re s o l  g r e e n  a s  an i n d i c a t o r  i n c o r p o r a t e d  on th e  

column# The p o s i t i o n s  o f  th e  a c i d s  on th e  column a r e  t h u s  

i n d i c a t e d  by y e l lo w  b a n d s .  The s e p a r a t e d  a c i d s  a r e  t i t r a t e d  

w f t l i  s t a n d a r d  a l c o h o l i c  p o ta s s iu m  h y d ro x id e  s o l u t i o n  and 

i d e n t i f i e d  a s  i n  th e  c a se  o f  t h e  d i c a r b o x y l i c  a c i d s .

However i t  was found  t h a t  th e  s e p a r a t i o n  was n o t  i n  g e n e r a l  

a $ s a t i s f a c t o r y  a s  i n  th e  c a se  o f  th e  d i c a r b o x y l i c  a c i d s  and 

a  num ber o f  t r i a l  e x p e r im e n ts  w i th  s y n t h e t i c  m ix tu r e s  w ere  made 

b e f o r e  th e  b e s t  c o n d i t i o n s  were a s c e r t a i n e d ,  e . g .  T e s t  

M ix tu re  25 c o n s i s t i n g  o f  9.4mg* C^q, 7 » 5mg. CQ and l l . l m g .

mono b a s i c  a c i d s  was d i s s o l v e d  i n  a  s m a l l  volume o f  

p e t r o le u m  e t h e r  ( b . p t .  120-150°C ) w hich  had  b e en  e q u i l i b r a t e d  

w i t h  t h e  im m obile  p h a se  (m e th an o l  w i t h  5$ w a te r )  • The 

s o l u t i o n  o f  th e  a c i d s  was t h e n  p la c e d  on a  column o f  C e l i t e  

535 c o n t a i n i n g  th e  im m obile  p h a se  and i n c o r p o r a t i n g  b ro m o c re e o l  

g r e e n  a s  i n d i c a t o r .  The column had  been  made s l i g h t l y  

a l k a l i n e  by th e  a d d i t i o n  o f  a  few d ro p s  o f  H/10 sodium 

h y d r o x id e  s o l u t i o n  and t h i s  had  im p a r te d  a  b l u e  c o lo u r  to  t h e  

i n d i c a t o r .  The s e p a r a t i o n  o f  th e  a c i d s  was a s c e r t a i n e d  by 

n o t i n g  t h e  d e ta c h m e n t  o f  y e l lo w  b ands  from  th e  to p  o f  th e  

colum n a s  each  a c i d  was e l u t e d  w i th  p e t ro le u m  e t h e r  ( b . p t .  

1 2 0 -1 5 0 °C ) .  T i t r a t i o n  w i t h  s t a n d a r d  a l c o h o l i c  p o t a s h  gave 

r e s u l t s  a s  shown i n  F ig u r e  7 .  The i d e n t i f i c a t i o n  o f  th e
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a c i d s  ©ould b e  presum ed from  t h e  #peak  e f f l u e n t *  v o lu m es  

and c o n f i rm e d  by th e  p e r c o l a t i o n  o f  m o t h e r  sam ple  o f  s o l u t i o n  

to  w hich  an  a u t h e n t i c  ©ample o f  a c i d  had  been  a d d e d .  The 

u s e  o f  o t h e r  i n d i c a t o r s  a s  s u g g e s te d  by N ijkam p (1955) was 

a l s o  i n v e s t i g a t e d  and a l t h o u g h  t h e r e  w ere  i n d i c a t i o n s  o f  

im p ro v em en t,  f u r t h e r  work on t h i s  a s p e c t  was abandoned  

b e c a u s e  o f  l a c k  o f  t im e .

P a r t i a l  H y d r o x v la t io n  o f  U h s a tu r a te d  Acid©

I t  was hoped  t h a t  t h i s  method would y i e l d  r e s u l t s  which 

would be  unam biguous a s  r e g a r d s  t h e  p o s i t i o n  o f  t h e  d o u b le  

bo n d s  i n  t h e  a c i d .  O th e r  i n v e s t i g a t o r s  h av e  u s e d  s i m i l a r  

m e th o d s  o f  p a r t i a l  h y d r o g e n a t io n ,  b u t  t h e s e  p rocedu re©  w ere 

fo u n d  to  be i n e f f e c t u a l  b e c a u s e  o f  th e  m i g r a t i o n  o f  d o u b le  

b o n d s  d u r i n g  th e  h y d r o g e n a t io n  ( s e e  H i l d i t c h  1949)* Arimun© 

(1951) fo u n d  i n  t h e  p r o c e s s  o f  p a r t i a l  h y d r o x y l a t i o n  o f  

m e th y l  l i n o l e a t e  w i th  h y d ro g e n  p e ro x id e  i n  a c e t i c  a c id  t h a t  

t h e  1 2 t l 3  e t h y l e n i c  l i n k a g e  was s e l e c t i v e l y  h y d r o x y l a t e d .

T h is  c o n t e n t i o n  i s  n o t  c o n f i rm e d  by t h e  p r e s e n t  r e s u l t s ,  

t f h e  a b s t r a c t  o f  t h i s  p a p e r  a p p e a re d  a f t e r  t h e  p r e s e n t  r e s u l t s  

w ere  c o m p le te d ] .

A f t e r  a  num ber o f  p r e l i m i n a r y  e x p e r im e n t s ,  i t  was d e c id e d  

t o  a d o p t  t h e  f o l l o w i n g  p r o c e d u r e .

f h e  i n i t i a l  s t a g e  was t h e  a d d i t i o n  o f  a  s o l u t i o n  o f  

h y d ro g e n  p e r o x id e  i n  f o r m ic  a c i d  (S w e m , B i l l e n ,  F in d l e y  and 

S c a n la n  .1945)» n o t  i n  s u f f i c i e n t  q u a n t i t y  how ever to  c a u se
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c o m p le te  h y d r o x y l a t i o n  o f  a l l  t h e  d o u b le  b o n d s  i n  th e  

m o le cu le *  T h u s ,  f o r  m e th y l  l i n o l e a t e  55f> o f  th e  t h e o r e t i c a l  

amount was used*  T h is  s t a g e  was fo l lo w e d  by c o m p le te  

h y d r o g e n a t io n  o f  t h e  r e s i d u a l  u n s a t u r a t e d  c e n t r e s .  O x id a t io n  

o f  th e  r e s u l t i n g  h yd ro x y  a c i d s  w i t h  p o ta s s iu m  p e rm a n g a n a te  i n  

g l a c i a l  a c e t i c  a c i d  gave a  m ix t u r e  o f  m ono-and d i c a r b o x y l i c  

a c i d s , w hich  c o u ld  be s e p a r a t e d  by steam  d i s t i l l a t i o n ,  t h e  

m o n o c a rb o x y l ic  a c i d s  b e in g  v o l a t i l e *  A n a ly s e s  o f  t h e s e  

a c i d s  u s i n g  p a r t i t i o n  c h ro m a to g ra p h y  th e n  gave an i n d i c a t i o n  

o f  t h e  p o s i t i o n s  o f  th e  e t h y l e n i c  l i n k a g e s  i n  th e  o r i g i n a l  

u n s a t u r a t e d  a c i d .  e . g .  f o r  m e th y l  l i n o l e a t e

ch5 ( ch2 ) 4~ ch=gh~ ch2«-oh^ch-  ( ch2 )7- cooch,

i n s u f f i c i e n t

V
H2°2/H.C0QE

OHj( ®^CH-C&.CE!2-CH=aH -  (CH2 )j - COOH+(^CH^j.CH=4SH-OH2-CH-CH-( CH2 ) j

OH OH

V
CH5 ( ch2 ) 4-CH-CB-( CH2 )10-COOH 

OH OH ,

OH OH COOH

CH? ( CH2 ) 7-CH-CH-( CH2 ) 7~COOH 

OB OH

V KMno4/0H 3 .000H

ch_ ( ch2 ) 4oooh + cooh- ( oh2 )10- oooh oh3 ( oh2 ) 7 oooh +oooh( ch2 ) 7 cooh



The f i n a l  s t a g e s  o f  t h i s  p r o c e d u re  were f i r s t  i n v e s t i g a t e d  by

u s i n g  9*1G d i h y d r o x y s t e a r i e  a c i d  a s  th e  unknown a c id s  o x i d a t i o n

and  i d e n t i f i c a t i o n  o f  t h e  r e s u l t a n t  a c i d s  was s u c c e s s f u l l y

c a r r i e d  o u t .  T h i s  t e c h n iq u e  was t a k e n  one s t a g e  f u r t h e r  hy

u s i n g  a  m ix tu r e  o f  9*10 d i h y d r o x y s t e a r i e  a c i d  and 1 2 s 13

d i h y d r o x y s t e a r i e  a c i d  -  t h e  a c i d s  r e s u l t i n g  on o x i d a t i o n  were

a l s o  s u c c e s s f u l l y  i d e n t i f i e d .  A much more r i g o r o u s  t r i a l  o f

th e  m ethod was c a r r i e d  o u t  by p a r t i a l l y  h y d r o x y l a t i n g  a  sam ple

o f  m e th y l  l i n o l e a t e  p r e p a r e d  "by d e b ro m in a t io n  o f  t e t r a b r o m o -

s t e a r i o  a c i d  and p u r i f i e d  by d i s t i l l a t i o n .  A n a l y s i s  o f  th e

s te am  v o l a t i l e  m a t e r i a l  gave two p e a k s  a s  shown i n  f i g u r e  8,

w h ich  w ere  c o n f irm e d  to  be  due to  and 0g m o n o c a rb o x y l ic

a c i d s .  However q u a n t i t a t i v e  e x a m in a t io n  r e v e a l e d  t h a t  th e

h y d r o x y l a t i o n  h ad  gone i n  v e ry  low y i e l d  ( a b o u t  5 $ )•  A n a l y s i s

o f  t h e  d i c a r b o x y i i c  a c i d s  ( s e e  F ig u r e  9) c o n f i rm e d  t h i s  by

s e p a r a t i o n  o f  th e  Cg and C12 a o id s  i n  a s i m i l a r l y  low  y i e l d .  
N e v e r t h e l e s s  t h e s e  r e s u l t s  im p l i e d  t h a t  th e  d o u b le  bonds i n  th e

o r i g i n a l  a c i d  w ere i n  t h e  9 and 12 p o s i t i o n s .  O th e r  i n v e s t i g a t 

o r s  h av e  a l s o  found  t h a t  h y d r o x y l a t i o n s  u s i n g  p e r f o r m ic  a c id  

do n o t  g iv e  good y i e l d s  ( o f .  P a u l  and i ' c h e l i t c h e f f  1 9 5 4 , McKay, 

I » e v i t i n  and Jo n e s  1 9 5 4 , Swern a n d  D ic k e l  1 9 5 4 ) .  A s i m i l a r  

p r o c e d u r e  was c a r r i e d  o u t  on a  sam ple  o f  a - e l a e o s t e a r i c  a c i d  

p r e p a r e d  from N y a sa la n d  Tung o i l ,  b u t  t h e  r e s u l t s  were 

anam olous  and i t  a p p e a r s  t h a t  t h i s  a c i d  d o e s  n o t  o x i d i s e  i n  

t h e  n o rm al way ( c f .  B o a se k en , H o o g lan d , B roek  and Sm it 1927)#
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O th e r  m e thod s  o f  in c o m p le te  h y d r o x y l a t i o n  w ere a t t e m p te d  

e . g .  u s i n g  p o ta s s iu m  p e rm a n g a n a te  i n  a l k a l i n e  s o l u t i o n

(h a p w o r th  and Mot t ram  1925)#  b u t  t h e s e  w ere n o t  so s u c c e s s f u l  

g iv in g  ev en  lo w e r  y i e l d s  th a n  th e  m ethod i n v o l v i n g  p e r  f o r m ic  

acid *  However i t  i s  f e l t  t h a t  w i th  f u r t h e r  d e v e lo p m e n t  t h i s  

t e c h n iq u e  m ig h t  p ro v e  u s e f u l  i n  d e te r m in in g  th e  s t r u c t u r e s  

o f  u n s a t u r a t e d  a c i d s .

E xam ination  o f  O s t r i c h  and C r o c o d i l e  F a t s  f o r  t h e  p r e s e n c e  o f  

" Y accen ic  A c id ”

S in c e  a  p ro c e d u r e  had  b e en  d e v e lo p e d  f o r  a n a l y s i n g  s m a l l  

q u a n t i t i e s  o f  m ix t u r e s  o f  mono- and d i c a r b o x y l i c  a c i d s ,  t h e  

o p p o rtu n i^  was t a k e n  o f  e x am in in g  th e  a s s e r t i o n  t h a t  t r a c e s  

o f  t r a n s  o c t a d e c e n o i c  a c i d s ,  c o n t a i n i n g  u n s a t u r a t e d  c e n t r e s  

o th e r  t h a n  i n  th e  A  9*^® p o s i t i o n ,  have  been  foun d  i n  th e  

body  f a t s  o f  v a r i o u s  a n im a ls  ( s e e  G upta , H i l d i t e h ,  P a u l  and 

S h r iv a s ta v a  1 9 5 0 ) .  These  a c i d s  h av e  been  g e n e r a l l y  te rm ed  

" v a e c e n ie  a c i d ” and a r e  r e p o r t e d  to  be b o th  t r a n s  o c t a d e c -10-  

e n o io  and  t r a n s  o c t a d e c - l l - e n o i c  a c i d s .  S u i t a b l e  f r a c t i o n s  

from  th e  o s t r i c h  and c r o c o d i l e  fa t©  ( i n  A f r a c t i o n s )  w ere  

r e c o v e r e d  end o x i d i s e d  w i th  p o ta s s iu m  p e rm a n g a n a te  i n  g l a c i a l  

a c e t i c  a c i d ,  s team  d i s t i l l e d  and th e  r e s u l t i n g  m ix t u r e s  o f  

a c id s  a n a ly s e d  i n  t h e  u s u a l  way* In  e v er y  c a s e  th e  sa m p le s  

o b ta in e d  i n d i c a t e d  th e  p r e s e n c e  o f  an  a c i d  w i t h  th e  d o u b le  

bond i n  t h e  9 p o s i t i o n  o n ly .  I n f r a  r e d  a n a l y s i s  a l s o



140

showed t h e  a b se n c e  o f  any t r a n s  compounds ( c f .  a n t e l o p e  f a t ,  

F a r t  I )  and t h e  i d e n t i t y  o f  th e  a c i d  w i th  o r d i n a r y  o l e i c  a c i d .  

[The te rm  “v a e c e n i e  a c i d "  h a s  b e en  u sed  r a t h e r  l o o s e l y  i n  

s e v e r a l  p u b l i c a t i o n s  to  dem ote m ix t u r e s  o f  t r a n s  e th y le m ic  

a c id s *  I t  i s  a l s o  w o r th y  o f  n o t e  t h a t  Bumpus, T a y lo r  and 

S t r o n g  (1950) h av e  shown by X - r a y  d i f f r a c t i o n  m e th o d s  t h a t  

t r a n s  o c t a d e c - l l - e n o i c  a c id  i s  n o t  i d e n t i c a l  w i th  n a t u r a l  

*v a c c e n i c 1 a c i d ]

B e -e x a m in a t io n  o f  C r o c o d i l e  F a t

A l l  t h e  p r e v i o u s  work h a s  p resum ed t h a t  a  f a i r l y  p u re  

sam p le  o f  an u n s a t u r a t e d  a c i d  c o u ld  be made a v a i l a b l e .  I t  

ha© a l r e a d y  b e e n  i n d i c a t e d  t h a t  t h i s  r e q u i r e m e n t  i s  n o t  e a s i l y  

m et i n  t h e  c a se  o f  th e  complex m ix t u r e s  u s u a l l y  a s s o c i a t e d  

w i t h  a n im a l  f a t s .  As a  l a r g e  b a t c h  o f  c r o c o d i l e  o i l  ( f ro m  

£ •  n i l o t i c u s ) was a v a i l a b l e  i t  was f e l t  t h a t  f u r t h e r  

e x a m in a t io n  o f  th e  u n s a t u r a t e d  a c i d s  o f  t h i s  o i l  c o u ld  m ost 

r e a d i l y  be made. I n  th e  c o u r s e  o f  t h i s  e x a m in a t io n  m e th o d s  

o f  s e p a r a t i n g  t h e s e  u n s a t u r a t e d  a c i d s  w ere  i n v e s t i g a t e d ,  a s  

t h i s  was n e c e s s a r y  b e f o r e  m aking any  i n q u i r i e s  i n t o  t h e i r  

s t r u c t u r e s .

S e p a r a t i o n  o f  t h e  O i l  i n to  F r a c t i o n s  by D i s t i l l a t i o n

About 1§- Kgm o f  th e  o i l  w as m e th y la te d  d i r e c t l y  (W in te r  

and  Hunn 1950) i n  s i x  b a t c h e s ,  by r e f l u x i n g  i n  a  s o l u t i o n  o f  

e t h e r  and m e th a n o l i c  p o ta s s iu m  h y d r o x id e .  The e s t e r s  w ere  

t h e n  s u b m i t te d  i n  sam p le s  o f  a b o u t  250gm. to  f r a c t i o n a l  

d i s t i l l a t i o n  u n d e r  r e d u c e d  p r e s s u r e .  A f t e r  r e d i s t i l l a t i o n ,



141

f o u r  m a in  f r a c t i o n ®  w ere  o b t a i n e d  by c o m b in a t io n  o f  f r a c t i o n s  

o f  s i m i l a r  b o i l i n g  p o i n t s ,  i . e .

F r a c t i o n  A which c o n s i s t e d  m a in ly  o f  e s t e r s  l e s s  t h a n  i n

l e n g th *

F r a c t i o n  B which c o n ta in e d  m o s t ly  e s t e r s *

F r a c t i o n  C which c o n ta in e d  m o s t ly  C18 e s t e r s .

F r a c t i o n  J> w h ich  c o n ta in e d  m o s t ly  e s t e r s  g r e a t e r  t h a n  i n

le n g th *

T hese  f o u r  f r a c t i o n s  w ere  exam ined  i n  g r e a t e r  d e t a i l s -  

F r a c t i o n  A

T h ese  e s t e r s  (6 l* 4 g m .)  w ere  f r a c t i o n a l l y  c r y s t a l l i s e d  a t  

~ 3 0 °0 .  g i v i n g  41*2gm. i n s o l u b l e  m a t e r i a l  I .V * 4*3 and I B . lg m .  

o f  s o l u b l e  m a t e r i a l  I*?*  66*2* The fo rm e r  f r a c t i o n  was 

s u b m i t t e d  to  f r a c t i o n a l  d i s t i l l a t i o n  and d e t e r m i n a t i o n  o f  t h e  

S . ! # * s  showed t h a t  m y r i s t i e  a c id  w as t h e  ’ lo w e s t*  a c i d  p r e s e n t .  

T h is  a c i d  was s e p a r a t e d  from  one o f  th e  f r a c t i o n s  g i v i n g  a  

sam ple  m .p t#  53*̂ 53. 5 °0* The s o l u b l e  e s t e r s  were a l s o  

f r a c t i o n a l l y  d i s t i l l e d ,  t h e  S .E * * s  i n d i c a t i n g  once  more 

t h a t  t h e r e  were no a c i d s  o f  c h a i n  l e n g t h  l e s s  th a n  C -^ .

S u i t a b l e  f r a c t i o n s  w ere  o x i d i s e d  w i th  a l k a l i n e  p o ta s s iu m  

p e rm a n g a n a te  (L ap w o rth  and M ottram  1925) to  c h a r a c t e r i s e  th e  

m o n o e th en o id  a c i d s  a s  d ih y d ro x y  a c i d s .  The c ru d e  d ih y d ro x y  

a c i d s  w ere  r © c r y s t a l l i s e d  from  a l c o h o l  g i v i n g  two b a t c h e s  

o f  c r y s t a l s ,  one o f  w hich  on  r e c r y s t a l l i s a t i o n  gave a  s m a l l  

amount o f  a  w h i t e  c r y s t a l l i n e  m a t e r i a l  m .p t .  111. 5- 112°C.
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[Poundt C, 64• 3 1 H, 1 0 •5/C* Calc* f o r  d ih y & r o x y m y r i s t ic

a c i d  64*61 H , 10. 8$ ] .  The seco n d  b a t c h  o f

c r y s t a l s  on r e c r y s t a l l i s a t i o n  gave a n o th e r  sam ple m .p t .

123°C* I Pounds C, 64*9? H, 1 0 .7 /£ ] ,  S h is  s u g g e s t s  

t h a t  t h e r e  a r e  two t e t r a d e e e n o i c  a c i d s  p r e s e n t , th e  h i g h e r  

m .p t .  d e r i v a t i v e  d e n o t in g  th e  A ,^  a c i d  [ c £ .  B o u g h to n , Bowman 

and Am.es, 1 9 5 2 ] ,  t h e r e  b e in g  no i n d i c a t i o n  i n  t h e  l i t e r a t u r e  

o f  a  d ih y d ro x y  m y r i s t i c  a c i d  m . p t ,  112°C . A lth o u g h  o n ly  a  

v e r y  m a l l  sam p le  o f  t h i s  d iixydroxy a c i d  was a v a i l a b l e ,  

o x i d a t i o n  w i th  p o ta s s iu m  p e rm a n g an a te  i n  a c e t i c  a c i d  was 

c a r r i e d  o u t .  S e p a r a t io n  o f  th e  p r o d u c t s  by steam  d i s t i l l a t i o n  

and p a r t i t i o n  ch ro m a to g rap h y  s u g g e s te d  t h a t  th e  o r i g i n a l  

t e t r a d e c e n o i c  m ig h t  have  th e  d o u b le  bond i n  th e  7 p o s i t i o n ,  

a l t h o u g h  t h i s  was f a r  from  c o n c l u s i v e .  I f  t h i s  s u p p o s i t i o n  

i s  p ro v e d  to  be c o r r e c t  i t  i s  e v i d e n t  t h a t  t h i s  a c i d  w i l l  be  

a n a logou s to  o l e i c  a c i d ,  i n  t h a t  t h e  d o u b le  bond i s  s i t u a t e d  

in  t h e  c e n t r e  o f  th e  m o le c u le .

F r a c t io n  B

F r a c t io n a l c r y s t a l l i s a t i o n  o f  t h i s  f r a c t i o n  a t  0*0,  - 20°0. and 

-3 0 °C  r e s u l t e d  in  th e  rem oval o f  about 18Qgm, o f  m o stly  

sa tu r a te d  e s t e r s  (p rob ab ly  m eth yl p a lm it a t e ) ,  A fu r th e r  

c r y s t a l l i s a t i o n  a t  -70°C  gave two f r a c t io n s  vim* 102gm, o f  

in s o lu b le  e s t e r s  I .V * 8 4 ,3  and 28$p . o f  s o lu b le  e s t e r s  

I .V * 1 2 2 .9 .



She i n s o l u b l e  e s t e r s  were f r a c t i o n a l l y  d i s t i l l e d ,  and 

a f t e r  d e te r m i n i n g  th e  u s u a l  c o n s t a n t s ,  s u i t a b l e  f r a c t i o n s  

w ere  u t i l i s e d  to  c h a r a c t e r i s e  t h e  h e x a d e c e n o ic  a c i d  w h ich  

seemed to  he  t h e  m ain  com ponen t. T hus, a  sam ple  o f  e s t e r s  

(8*4gm*» S . E . ,  2 6 8 .0 ,  I .V .  93*8) when s u b m i t t e d  to  i s o m e r i s a t i o n  

w i t h  a  74$ K O H /glycol s o l u t i o n  a t  180°C . f o r  60 m in .  showed 

an  a t  233mjU o f  19*4 ( i . e .  a b o u t  ?S o f  c o n ju g a te d

d i e t h e n o i d  a c i d  p r e s e n t ) .  A sam ple  o f  t h e  a c i d s  r e c o v e r e d  

from  t h i s  f r a c t i o n  was o x i d i s e d  w i th  p o ta s s iu m  p e rm a n g an a te  

i n  a c e t i c  a c i d  and th e  p r o d u c t s  s e p a r a t e d  by s team  d i s t i l l a t i o n .  

P a r t i t i o n  c h ro m a to g ra p h y  showed t h e  p r e s e n c e  o f  h e p t a n o i c  

and  a z e l e i c  a c i d s ,  th e  l a t t e r  b e in g  a l s o  c o n firm ed  by th e  

s e p a r a t i o n  o f  a  whit® s d i d  m . p t .  100-103°C* (Mixed m .p t .  

w i t h  an a u t h e n t i c  sam ple o f  a z e l e i c  a c i d  was 1 0 3 -1 0 5 °C ) .  The 

pV brom ophenacyl e s t e r  o f  the  a c i d s  d e r i v e d  from  t h e s e  e s t e r  

s a m p le s  was o b t a i n e d  a s  w h i te  c r y s t a l l i n e  n e e d l e s  m .p t .

3 9 -3 9 ♦ 5 °C. [Founds C, 6 3 .6 ?  H, 7 .8 ?  B r ,  1 7 .7 $ .  C a lc ,  

f o r  p~brom ophenacy l e s t e r  o f  h e x a d e c e n o ic  a c id s  C, 63*9 >

Hf 7*8? B r ,  1 7 .7 $ .  o f .  m .p t .  39*5-40°C . f o r  e s t e r  from  

s y n t h e t i c  h e x a d e c - 9 - e n o i c  a c i d  (B au& art 1945)3* T h is  work 

t h e r e f o r e  c o n f i r m s  th e  p r e s e n c e  o f  h e x a d e c - 9 - e n o ic  ( p a l m i t o l e i c )  

a c i d  i n  c r o c o d i l e  o i l .

The e s t e r s ,  s o l u b l e  a t  -7 0 ° C .  w ere  a l s o  f r a c t i o n a l l y  

d i s t i l l e d ,  s u i t a b l e  f r a c t i o n s  b e in g  r e c o v e r e d  f o r  f u r t h e r  

e x a m in a t io n .  The r e c o v e r e d  a c i d s  ( i . e .  t h e  m ost u n s a t u r a t e d )  

w ere  i s o m e r i s e d  i n  th e  u s u a l  m anner g i v i n g  r e s u l t s  a s  fo l lo w s*
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■®lam = 154*95 ^69mji » 57*7 . A t te m p ts

w ere  made to  c o n c e n t r a t e  th e  p o ly e t h e n o i d  e s t e r s  i n  t h e s e  

f r a c t i o n s  by  s e p a r a t i o n  on a  column o f  s i l i c a  g e l  and  • C e l i t e 1 

and e l u t i n g  w i th  p e t ro le u m  e t h e r  ( b .p t *  40-60°C *) [ o f .  

R ie m e n se h n e i& e r , Herb and H ic h o l s  1949 3* However t h i s  

m ethod d i d  n o t  y i e l d  s a t i s f a c t o r y  r e s u l t s * S e p a r a t i o n  o f  th e  

^16 P ° l y e *fch e n o id  a c i d s  was t h e n  a t t e m p t e d  by t h e  p r e p a r a t i o n  

o f  t h e  u r e a  co m p lex e s ,  [ e f .  S i l k ,  S e p h to n  and Hahn 1954 3* 

A l th o u g h  some c o n c e n t r a t i o n  o f  t h e  p o l y e t h e n o i d  a c i d s  was 

a c h ie v e d  by t h i s  m ethod , th e  p re s e n c e  o f  a  com plex m ix tu r e

was s t i l l  e v i d e n t  a s  i s  shown by th e  U.V. s p e c t r a  a f t e r
*! *£.

i s o r a e r i s a t i o n  v i s #  ^ iq jr 234mjz 5 2 1 .1 ,  a t  269ffiju 1 5 0 .5  w i th  

weak maxima a t  300 and 3I5mju* A sam ple  o f  t h e s e  a c i d s  was 

b ro m in a te d  and i t  was fo u n d  t h a t  a  w h i te  s o l i d  a p p e a re d  i n  

t h e  e t h e r  s o l u t i o n  s u g g e s t in g  th e  p r e s e n c e  o f  a  h e x ab ro m id e  

(o f*  M ark ley  1947)*  T h is  s o l i d  h a d  a  m .p t*  1 3 1 -1 8 5 °C and 

was s o l u b l e  i n  hob b e n z e n e ,  a  w h i te  p r e c i p i t a t e  m .p t .

1S9-192°C  a p p e a r i n g  on s t a n d i n g .  F u r t h e r  r e c r y s t a l l i s a t i o n  

g av e  m .p t*  1 9 0 -1 9 2 ° 0 .  ( s o f t e n s  1 8 8 °C .)  [Founds B r ,  6 6 .1 # j  

Gale* f o r  h e x & b ro s o p a lm i t ie  a c id  ^igHggBrgOg* B r ,  6 5 .7 ^ 3 .

A t r a c e  o f  m a t e r i a l  s o l u b l e  i n  b e n ze n e  b u t  i n s o l u b l e  i n  

p e t ro le u m  e t h e r  ( b . p t .  4 0 - 6 0 °C*) m .p t .  99 -102°C  was o b t a i n e d  

b u t  t h e r e  was i n s u f f i c i e n t  f o r  f u r t h e r  i n v e s t i g a t i o n .

F r a c t i o n  C

E s t e r s  from  t h i s  f r a c t i o n  w hich  w ere  i n s o l u b l e  a t  0°C.
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( I .V *  2 8 .7 )  w ere  f r a c t i o n a l l y  d i s t i l l e d .  R e co v e ry  o f  a c i d s  

from  S .E .  r e s i d u e s  o f  a p p r o p r i a t e  f r a c t i o n s  was f o l lo w e d  

by  o x i d a t i o n  w i th  a l k a l i n e  p o ta s s iu m  p e rm a n g a n a te .  On 

c r y s t a l l i s a t i o n  from  e th a n o l  ( a f t e r  e x t r a c t i o n  o f  s a t u r a t e d  

a c i d s  w i t h  p e t r o le u m  e t h e r ) , . th e  d ih y d ro x y  a c i d s  w ere  o b t a i n e d  

m . p t .  I I 2-1X8°C. F u r t h e r  e x t e n s i v e  r e c r y s t a l l i s a t i o n  was 

s u c c e s s f u l  i n  y i e l d i n g  a  sam ple  m . p t .  1 2 5 - 1 2 6 .5 ° 0 . , a l th o u g h  

i t  was v e r y  e v i d e n t  from  t h e  d i f f i c u l t y  o f  s e p a r a t i o n  t h a t  

t h e  o r i g i n a l  d ih y d ro x y  a c i d  was n o t  homogeneous* A sam ple 

o f  t h i s  m ix tu r e  o f  d ih y d ro x y  a c i d s  was o x i d i s e d  w i t h  p o ta s s iu m  

p e rm a n g a n a te  i n  a c e t i c  a c i d  i n  th e  u s u a l  way and t h e  p r o d u c t s  

a n a ly s e d  by p a r t i t i o n  c h ro m a to g ra p h y .  A lth o u g h  th e  r e s u l t s  

w ere  f a r  from  c o n c lu s iv e  th e  a n a l y s i s  o f  th e  m o n o c a rb o x y l ic  

a c i d s  showed th e  p r e s e n c e  o f  a A 9  acid-and p o s s i b l y  two o t h e r s .

F u r t h e r  f r a c t i o n a l  c r y s t a l l i s a t i o n  o f  t h i s  f r a c t i o n  a t  

lo w e r  t e m p e r a t u r e s  f o l lo w e d  by d i s t i l l a t i o n  and u r e a  com plex 

f o r m a t io n  m e re ly  c o n f i rm e d  th e  p r e s e n c e  o f  l i n o l e i c  a c i d  by 

th e  s e p a r a t i o n  o f  t h e  t e t r a b r o m o s t e a r i c  a c id  m .p t .  109^-110°C. 

F r a c t i o n  P

T h is  f r a c t i o n  c o n s i s t i n g  m o s t ly  o f  e s t e r s  o f  a c i d s  

g r e a t e r  t h a n  i n  l e n g t h ,  was s u b m i t t e d  to  f r a c t i o n a l  

c r y s t a l l i s a t i o n .  However b r o m in a t io n  o f  s u i t a b l e  f r a c t i o n s  

showed t h a t  com plex m ix t u r e s  w ere  p r e s e n t  e . g .  B ro m in a t io n  

gave an e t h e r - i n s o l u b l e  w h i te  pow der m .p t*  21 1-215°C .

[F ound , B r ,  6 1 . 4 Ca l c ,  f o r  h e x a b r o m o a r a e h id ie  a c i d



^ 2 0 ^ 3 4 ^ 6 ^ 2 *  ®r » 61 * 0^ 3 and a  sm a l l  q u a n t i t y  o f  an  e t h e r

s o l u b l e  powder m .p t*  1 6 1 -1 6 4 °C . ( t e t r a b r o m i d e ? ) . T h e re  

w ere  no i n d i c a t i o n s  o f  m o n o e th en o id  a c i d s  i n  t h i s  f r a c t i o n .

I t  w i l l  be s e e n  t h a t  t h e  r e s u l t s  o b t a i n e d  from  t h i s  

s e r i e s  o f  e x p e r im e n t s  -vre r a t h e r  u n s a t i s f a o t o r y  and f u r t h e r  

s u c c e s s f u l  r e s u l t s  a w a i t  t h e  i n t r o d u c t i o n  and  d e v e lo p m e n t  

o f  new m e th o d s  o f  a n a l y s i n g  th e  com plex  m ix t u r e s  so 

c h a r a c t e r i s t i c  o f  1 h i s  t y p e  o f  w ork .
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E xpcr m e n t a l  

P a r t i t i o n  C hrom atography  o f  P iQ a r b o x y l lo  Aoi&a

I t  was fo u n d  t h a t  f o r  a c i d s  o f  0^ o r  l e a s  a  s h o r t  column 

o f  l e n g t h  9 cm was s u f f i c i e n t  t o  s e p a r a t e  t h e  a c i d s .  On t h i s  

colum n any  a c i d s  l o n g e r  t h a n  0^ a p p e a re d  t o  p e r c o l a t e  t h r o u ^ i  

i n  t h e  f i r s t  20 c . c .  w i t h o u t  any  a p p r e c i a b l e  s e p a r a t i o n .  The 

column was p r e p a r e d  and t h e  a n a l y s i s  c a r r i e d  o u t  a s  f o l l o w s 5- 

3gm. ©f • C e l i t e  535* was p l a c e d  i n  a  m o r t a r  and 3 c . c .  o f  an  

a q u eo u s  p h a se  c o n s i s t i n g  o f  4 p a r t s  e t h a n o l  and 6 p a r t s  

w a t e r  w ere  added  and c a r e f u l l y  d i s t r i b u t e d  th r o u g h o u t  t h e  

C e l i t e  by m eans o f  a  p e s t l e .  About 2 5 c . c .  o f  t h e  m o b i le  

p h a s e  ( t h io p h e n e  f r e e  b e n z e n e ,  a n  e q u a l  volume o f  w hich  had  

b e e n  e q u i l i b r a t e d  w i th  a  volum e o f  t h e  im m obile  p h a s e )  was 

t h e n  added  i n  s m a l l  p o r t i o n s  u n t i l  a  w h i t e  s l u r r y  was o b t a i n e d .  

T h i s  s u s p e n s io n  was s lo w ly  p o u re d  i n t o  a  g l a s s  co lum n, I o n .  i n  

d i a m e t e r ,  h a v in g  a  sm a ll  wad o f  c o t t o n  wool a t  t h e  b o tto m  

c o n s t r i c t i o n ,  and g e n t l y  p a ck e d  down w i t h  a  p e r f o r a t e d  m e ta l  

p l u n g e r ,  a t  t h e  same t i m e ,  m ak ing  s u r e  t h a t  t h e  s l u r r y  n e v e r  

w en t dry* I n  t h i s  way a  column 9cm. i n  l e n g t h  was o b t a i n e d .  

The a c i d s  to  be a n a ly s e d  were th e n  d i s s o l v e d  i n  a b o u t  I c . c *  

o f  t h e  e q u i l i b r a t e d  b enzene  and c a r e f u l l y  added  to  th e  to p  

o f  t h e  co lum n. P e r c o l a t i o n  was th e n  c a r r i e d  o u t  by a d d in g  

sm a l l  q u a n t i t i e s  o f  t h e  e q u i l i b r a t e d  b en zen e  to  t h e  to p  o f  

t h e  co lum n. I f  t h e  p e r c o l a t i o n  a p p e a re d  to  be too  s lo w  I t  

was a c c e l e r a t e d  by a p p ly in g  an o v e r p r e s s u r e  w i th  com pressed
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a i r *  The p e r c o l a t e  was c o l l e c t e d  i n  I c . c .  p o r t i o n s  and 

t i t r a t e d  w i th  s t a n d a r d  a l c o h o l i c  p o ta s s iu m  h y d r o x id e  (If /^ q ) 

u s i n g  a  m i c r o b u r e t t e  and thym ol p h t h a i e i n  a s  i n d i c a t o r ,  

( v i g o r o u s  s h a k in g  was r e q u i r e d  n e a r  t h e  end p o i n t ) *

F or a c i d s  o f  l e n g t h  Gy-C-^g» & l o n g e r  colum n was r e q u i r e d  

and t h i s  was o b t a i n e d  by s l u r r y i n g  10 o f  C e l i t e  535 w i th  

l O e . e ,  o f  an  a q u eo u s  p h a se  c o n s i s t i n g  o f  5 p a r t s  e t h a n o l ,

4 p a r t s  m e th a n o l  and 3 p a r t s  w a te r*  The a n a l y s i s  was t h e n  

c a r r i e d  o u t  a s  a b o v e .

P a r t i t i o n  C hrom atography  o f  I f lono ca rb oxy lie  A c id s

The column was p r e p a r e d  by p l a c i n g  20gm. • C e l i t e  535* i n  

a  m o r t a r  and a d d in g  1 0 c . c .  o f  t h e  im m obile  p h a s e  (m e th an o l  w i th  

5$ w a te r )  c o n t a i n i n g  I c . c .  o f  t h e  s t a n d a r d  i n d i c a t o r  s o l u t i o n  

o f  b ro m o c re s o l  g r e e n .  The a q u eo u s  p h a se  was d i s s e m in a t e d  

t h r o u g h o u t  th e  e a r t h  u s i n g  t h e  p e s t l e ,  u n t i l  t h e  w hole  t u r n e d  a  

p a l e  y e l lo w  c o lo u r s  10 d ro p s  o f  a i e th a n o l i c  p o ta s s iu m

h y d r o x id e  s o l u t i o n  w ere  th e n  added  and th e  C e l i t e  a g a in  m ixed 

w i th  t h e  p e s t l e  u n t i l  a u n ifo rm  deep  b lu e  c o l o u r  was o b t a i n e d .  

A bout 5 0 c .  c .  o f  p e t ro le u m  e t h e r  ( b . p t .  1 2 Q ° -1 5 0 °C .) (m o b ile  

p h a s e )  was th e n  s lo w ly  added t o  th e  C e l i t e  u n t i l  a  s l u r r y  was 

p ro d u c e d .  T h is  s u s p e n s io n  was added  to  t h e  colum n and th e  

p a c k in g  and th e  s u b s e q u e n t  a n a l y s i s  c a r r i e d  o u t  a s  i n  th e  c a s e  

o f  t h e  d i c a r b o x y l i e  a c i d s .  H ow ever, i n  t h i s  c a s e  th e  c o u rs e  

o f  t h e  s e p a r a t i o n  c o u ld  be f o l lo w e d  v i s u a l l y  by t h e  s e p a r a t i o n  

o f  y e l lo w  b an ds  a g a i n s t  a  b lu e  b a c k g ro u n d .
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P a r t i a l  H y d r o x y la t io n  o f  M e th y l - L in o l e a t e

l.OOgpu o f  m e th y l  l i n o l e a t e  was m ixed w i t h  3 c .  c .  o f  fo rm ic  

a c i d  (91S-100$) and 0 .3 6 c .c *  o f  h y d ro g en  p e r o x id e  s o l u t i o n  

added  [ i . e .  enough to  r e a c t  w i th  1*05 d o u b le  b o n d s ;  s t r e n g t h  

o f  t h e  p e r o x id e  was c h ec k ed  and fo u n d  to  be 33*5gm. h y d ro g e n  

p e r o x id e  p e r  lO O c .c .  o f  s o l u t i o n ] .  T h is  s u s p e n s io n  was 

sh a k en  a t  room te m p e r a tu r e  f o r  a b o u t  1 h o u r  and th e n  s a p o n i f i e d  

by a d d in g  3 0 c . c .  o f  5H a l c o h o l i c  p o ta s s iu m  h y d ro x id e  and 

r e f l u x i n g  on t h e  w a te r  b a t h  f o r  a b o u t  |  h o u r .  The r e s u l t i n g  

soap  s o l u t i o n  was th e n  a c i d i f i e d  by th e  a d d i t i o n  o f  1 5 c . c .  

of 5$ HC1 , c o o le d  and e x t r a c t e d  w i t h  a b o u t  7 5 c . c .  c h lo ro fo rm  

(5 x 2 5 c . c . ) .  T h is  s o l i ? t i o n  was d r i e d  w i th  a n h y d ro u s  sodium 

s u l p h a t e  and th e  s o l v e n t  rem oved g i v i n g  0*93gn . m a t e r i a l ,  

w h ich  was d i s s o l v e d  i n  a l c o h o l  and h y d ro g e n a te d  u s i n g  

p a l l a d iu m  c h a r c o a l  a s  c a t a l y s t .  When no more h y d ro g en  was 

a b s o rb e d  th e  c a t a l y s t  was f i l t e r e d  o f f ,  some o f  t h e  a l c o h o l  

rem oved by d i s t i l l a t i o n ,  w a t e r  added and  t h e  r e s u l t a n t  

d ih y d ro x y  a c i d s  e x t r a c t e d  w i th  c h lo ro f o rm  (3 x  2 5 c . c . )  and 

th e  s o l u t i o n  d r i e d  w ith  an h y d ro u s  sodium  s u l p h a t e .  Removal 

o f  th e  s o l v e n t  gave 0.73gm* o f  s o l i d  o x i d i s e d  by d i s s o l v i n g  i n  

2 1.8c.c. o f  g l a c i a l  a c e t i c  a c id  and a d d in g  1.82gm. o f  pow dered  

p o ta s s iu m  perm angana te*  T h is  s o l u t i o n  was th e n  s h a k e n  a t  

50 °Q* f o r  4 h o u r s .  Most o f  th e  a c e t i c  a c i d  was t h e n  d i s t i l l e d  

o f f  hy  h e a t i n g  on th e  w a te r  b a th  a t  4*0°C. u n d e r  r e d u c e d  

p r e s s u r e .  About 3 0 c * c .  o f  w a te r  was added  and s u lp h u r
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d i o x id e  p a s s e d  t a r o u g h  t h e  s o l u t i o n  u n t i l  t h e r e  was c o m p le te

d e c o l o n i s a t i o n ,  The s o l u t i o n  was t h e n  s team  d i s t i l l e d  u n t i l

a b o u t  2Q0c#c# o f  d i s t i l l a t e  was c o l l e c t e d #  1‘h i s  d i s t i l l a t e

and t h e  r e s i d u e  from  th e  s team  d i s t i l l a t i o n  w ere  b o th

e x t r a c t e d  w i t h  c h lo ro fo rm  and th e  s o l u t i o n s  d r i e d  w i th

a n h y d ro u s  sodium  s u lp h a te #  Removal o f  th e  s o l v e n t  gave

63*4mg. o f  s team  v o l a t i l e  m a t e r i a l  and 254«9mg* o f  r e s id u e #

The s team  v o l a t i l e  m a t e r i a l  was t h e n  d i s s o l v e d  i n  e q u i l i b r a t e d

p e t ro le u m  e t h e r  ( b .p t *  12Q~150UC#) ( s e e  page  14§ and made up

t o  5 c * c .  i n  a  s t a n d a r d  f l a s k #  One c .c #  o f  t h i s  s o l u t i o n  was

w ith d ra w n  and exam ined by p a r t i t i o n  c h ro m a to g ra p h y  f o r  mono-

c a r b o x y l  i c  a c i d s ,  show ing th e  p r e s e n c e  o f  and Cg a c i d s .

[ R e s u l t s  showed a b o u t  31$ and 33$ CL -  r e m a in d e r  assum edo 9
due to  f o r m ic  and a c e t i c  a c i d s j *  The r e s i d u e  from, th e  steam  

d i s t i l l a t i o n  was e x t r a c t e d  w i th  h o t  p e t r o le u m  e t h e r  ( b .p t#  

6 0 -8 0 ° C .)#  Oxi a l l o w in g  t o  c o o l ,  th e  s u p e r n a t a n t  l i q u i d  

c o n t a i n i n g  s a t u r a t e d  a c i d s  was d e c a n te d  o f f  and th e  r e s i d u a l  

d i c a r b o x y l i c  a c i d s  he& tec on the  s team  b a th  to  d r y n e s s  (115#9mg) 

T hese  a c i d s  were d i s s o l v e d  i n  e q u i l i b r a t e d  b en zen e  and made up 

to  5e*e# i n  a  g r a d u a te d  f l a s k *  One c .c *  o f  t h i s  s o l u t i o n  was 

w ith d ra w n  by  p i p e t t e  and a n a ly s e d  f o r  d i c a r b o x y l i c  a c i d s  i n  t h e  

u s u a l  m a n n e r ,  show ing th e  p r e s e n c e  o f  and C a c i d s .  T h is  

p ro c e d u re  t h u s  c o n f i rm e d  th e  s t r u c t u r e  o f  l i n o l e i c  a c i d  a s  

o c t a d e c a - 9 : 1 2 - d i e n o i e  a c id *
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I n t r o d u c t i o n

A n a ly s e s  o f  v e g e t a b l e  f a t  c o m p o s i t io n  have  shown t h a t ,  

i n  c o n t r a s t  to  th e  an im a l f a t s ,  th e  com ponent a c id s  o f  se ed  

f a t #  a r e  o f t e n  c h a r a c t e r i s t i c  o f  t h e  f a m i l i e s  in to  w h ich  

p la n t s  h av e  b e e n  d i v id e d  from  c o n s id e ra te # * *  o f  m orphology  

and p h y s io lo g y *  The f o l l o w i n g  a c c o u n t  d e a l s  w i t h  an 

i n v e s t i g a t i o n  o f  th e  c o n s t i t u t i o n  and p r o p e r t i e s  o f  an  

a c e t y l e n i c  a c i d ,  a  ty p e  o f  a e i d  t h a t  h a s  n o t  y e t  b e en  

found i n  a n im a l  f a t s  (o f*  p a g e  72 ) .

Sandalw ood i s  a  h i g h l y  s c e n t e d  wood, and  a s  su c h  f i n d s  

e x t e n s i v e  u s e  i n  th e  many B u d d h is t  t e m p le s  th r o u g h o u t  In d ia *

The t r e e  from  w hich  th e  wood i s  o b t a i n e d  ( S an ta lum  a lb u m .

L i n n . )  i s  an  e v e r g r e e n  and t h e r e  a r e  c o n s i d e r a b l e  p l a n t a t i o n s  

i n  a l l  p a r t s  o f  I n d i a ;  i t  b e a r s  f r u i t  tw ic e  a  y e a r  and i t s  

s e e d  ha© b een  fo u n d  to  be r i c h  i n  o i l *

The o i l  from  th e  se ed  o f  S an ta lu m  album L* h a s  b e e n  th e  

s u b je c t  o f  s e v e r a l  p r e l i m i n a r y  i n v e s t i g a t i o n s *  (Rao e t. .  a l*  

1934 J Kao 1 9 3 7 1 I y e r  1935 ; S r e en iv a sa y a  and ft ar ay ana 1 9 2 8 , 

193^1 K otasthan e and Harayana 1 9 3 8 ) .  [F o r  r e f e r e n c e s  to  

F a r t  I I I  s e e  p ag e  182.]. T hese  w o r k e r s  h a v e  shown t h a t  

th e  s e e d s  c o n t a i n  an o i l  w h ich  r e a d i l y  p o l y m e r i s e s ,  and some o f  

the® s u g g e s te d  t h a t  t h e  o i l  m ig h t  be c o m m e rc ia l ly  im p o r ta n t*

The f i r s t  d e t a i l e d  e x a m in a t io n  o f  t h e  o i l s  was u n d e r t a k e n  by 

M ad h uran a th  and M an juna th  ( 1 9 3 8 ) .  These  i n v e s t i g a t o r s  found  

t h a t  t h e  o i l  on h y d r o l y s i s  c o n s i s t e d  e s s e n t i a l l y  o f  one 

com ponent and  a  t r a c e  o f  p a l m i t i c ,  o l e i c  and l i n o l e n i c  a c id s *
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T h is  m a jo r  com ponent was a  s o l i d  a c i d  m .p t .  4 1 - 4 2 °C. , f o r  

w h ich  a n a l y s i s  i n d i c a t e d  t h e  fo r m u la  #

h y d r o g e n a t io n  3 m a le s  o f  h y d ro g e n  w ere  a b s o rb e d  g i v i n g  

s t e a r i c  a c id *  The a c i d  had  an I .V .  o f  133 and th e y  made an

u n s u c c e s s f u l  a t t e m p t  to  p r e p a r e  a  m a l e i c  a n h y d r id e  a d d u c t .

The a c i d  was found  to  be d i f f e r e n t  from  p u n i c i c  a c i d  m .p t*

44°» a  s t e r e o i s o m e r  o f  e l a e o s t e a r i c  a c id *  and on  t h i s  

e v id e n c e  M ad hurana th  and  M an jun a th  p o s t u l a t e d  t h a t  t h e  a c i d  

was an  o c t a d e c a t r i e n o i c  a c id *  w h ic h  a p p e a re d  to  be  non

c o n ju g a te d  and  named i t  s a n t a l b i c  a c i d .

S a n ta X b ic  a c i d s  I s o l a t i o n  and c o n s t i t u t i o n

A sam ple  o f  t h e  s e e d s  o f  S an ta lu m  album L . was o b t a i n e d  

i n  t h i s  l a b o r a t o r y  and no d i f f i c u l t y  v a s  fou nd  i n  e x t r a c t i n g  

s a n t a l b i c  a c i d .

The d r i e d  s e e d s  w ere  brown i n  c o lo u r  and i n  s i z e  w ere  

s i m i l a r  to  s m a l l  p e a s .  The s e e d s  when c ru s h e d  i n  a  m o r ta r  

and e x t r a c t e d  w i th  l i g h t  p e t ro le u m  y i e l d e d  a  p a l e  g re e n  

v i s c o u s  o i l  (53*5$ o f  w e ig h t  o f  s e e d s ) ,  which on h y d r o l y s i s  

gave  t h e  m ixed  a c i d s  a s  a  p a l e  y e l lo w  o i l .  D u r in g  h y d r o l y s i s  

a  r u b b e r y  s u b s ta n c e  s e p a r a t e d  o u t ;  t h i s  m a t e r i a l  seems to  be 

c h a r a c t e r i s t i c  o f  th e  o i l  ( e . g .  M adhu rana th  and M an ju n a th  

fo u n d  5»2fo p r e s e n t  i n  t h e  o i l ;  i n  t h i s  eas® an e s t i m a t i o n  o f  

th® amount o f  u n s a p o n i f i a b l e  m a t e r i a l  g i v e s  t h e  f i g u r e  o f  

6 .9 $ )♦  C r y s t a l l i s a t i o n  o f  t h e  m ixed  a c i d s  from  l i g h t  

p e t ro le u m  gave c ru d e  s a n t a l b i c  a c i d  ( ca* 75$* m .p t .  3 6 ~ 3 8 °C .) 

r e a d i l y  p u r i f i e d  by r e p e a t e d  c r y s t a l l i s a t i o n  (6 6$ ; m .p t .  

3 8 .5 - 3 9 .5 ° C ) .
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I n  v iew  o f  t h e  p o s s i b l e  com m erc ia l  im p o r ta n c e  o f  th e  

s e e d s ,  a  sam ple o f  s a n t a l b i c  a c i d  was o b t a i n e d  d i r e c t l y  

from  th e  s e e d s .  fh@ c ru s h e d  s e e d s  w ere  h y d r o ly s e d  w i th  

a l c o h o l i c  p o ta s s iu m  h y d ro x id e  i . e .  w i th o u t  any p r e l i m i n a r y  

e x t r a c t i o n  o f  t h e  o i l .  On a c i d i f i c a t i o n  and  e x t r a c t i o n  

w i t h  e t h e r ,  t h e  m ixed  a c i d s  w ere  o b t a i n e d  and s a n t a l b i c  a c i d  

e x t r a c t e d  i n  a  y i e l d  o f  19*3$ ( o f  w e ig h t  o f  s e e d s ) .

An u l t r a v i o l e t  a b s o r p t i o n  e x a m in a t io n  o f  s a n t a l b i c  a c i d  

showed a  maximum a t  229mju ( l o g  £ 4 .2 2 )  and a  p o i n t  o f  

i n f l e x i o n  a t  240mp ( l o g  e 4 * 0 6 ) .  f h e s e  v a l u e s  i n d i c a t e d  

t h a t  t h e  a c i d  d i d  n o t  c o n t a i n  a  c o n ju g a te d  t r i e n e  a s  

e h ro m o p h o re , b u t  p r o b a b ly  an  enyne  sy s tem  ( H e i l b r o n ,  J o n e s  

and Weedon 1 9 4 4 ) .  A n a t u r a l l y  o c c u r r i n g  enyne a c i d  h a s  been  

d e s c r i b e d  (L ig h th e lm ,  Schwarz and von H o ld t ,  1952$ A h le r s  

and M g th e lm  1952) and a c o m p a r iso n  o f  t h e  two a c i d s  and 

t h e i r  p -b ro m p h e n a c y l  e s t e r s  r e v e a l e d  t h e i r  c l o s e  s i m i l a r i t y .  

The i d e n t i t y  o f  t h i s  a c i d ,  x im e n y n ie  a c id ^ w i th  s a n t a l b i c  a c i d  

h a s  now b een  c o n f i rm e d  by h y d r o g e n a t io n ,  o x i d a t i o n  and i n f r a  

r e d  sp e c tru m  ( p r e l i m i n a r y  n o te s  G unstone and McGee 1954) 

and by  c o m p a r iso n  w i t h  a  s y n t h e t i c  sam ple ( G r i g o r ,  M clnnes and 

McLean* 1 9 5 4 , 1 9 5 5 ) .

Ohem ical e v id e n c e  f o r  t h e  s t r u c t u r e  o f  s a n t a l b i c  a c i d  

h a s  b e e n  shown by t h e  f o l l o w in g  s e r i e s  o f  r e a c t i o n s .
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0H3-(OH2 ) 5~COOH + C00H-(CH2 ) ? C00H
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KMn<>4

CHjOOOH

%CH3-  (OH2) g-CHaOH-Csc-( 0H2) 7-OOOH »• 0H3-(0H2)16000H

H2°2/K.C00H

EEO.
OH^OH -̂CB-CH-OSC-CCHjy- COOK — - f -  Cttj< CHĵ  -CHO+CHO-02C-<aĤ pOOH

OK OH

IX IT
2/Pd

KIO,
Cl^- ( CH2) 5-<j!H-CH- (CH2) g-COOH  p OH3-(CH2)5-CHO+CHO-(CH2)g-COOK!

I
OH OH 

III IIIA IIIB

S a n t a l b i c  a c i d  ( I ; r e a d i l y  a b s o rb e d  3 m o le s  o f  h y d ro g e n  g i v i n g  

s t e a r i c  a c i d  and o x i d a t i o n  w i t h  p o ta s s iu m  p e rm a n g an a te  i n  

a c e t i c  a c i d  (Begemann, K e p p le r  and  B aekenoogen  1950) y i e l d e d  

n ~ h © p tan o ic  a c i d  ( l a )  and a z e l e i c  a c i d  ( l b ) *  f h e s e  f a c t s  

com bined w i th  t h e  U.Y* s p e c t r a  d a t a  showed t h a t  t h e  a c i d  h ad  

one o f  t h e  f o l l o w i n g  s t r u c t u r e s ,  

k)  CH5- ( CH2 ) 5-CH=CH~CHC-( 0H2 ) ? -C0QH 

B) CH3- ( CHg)5-0HC-CH=CH-( c h 2 ) ? -QOOH.

The p o s i t i o n  and c o n f i g u r a t i o n  o f  t h e  d o u b le  bond was 

c h a r a c t e r i s e d  by  u t i l i s i n g  t h e  a c t i o n  o f  p e r f o rm ! c  a c i d
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(S w ern , B t l l e n ,  F in d le y  and B o sn ia n  1945)* A t r i p l e  bond 

h a s  b e en  shown to  be r e s i s t a n t  to  t h e  a c t i o n  o f  p e r a e i d s  

(M alenok and S o lo g u b  1 9 3 6 , 1 9 4 0 ,  1941; M alenok 1939) and 

c o n s e q u e n t ly  t h e  e n -y n e  sy s tem  o f  s a n t a l b i c  a c i d  w i l l  be 

o x i d i s e d  p r e f e r e n t i a l l y  a t  t h e  d o u b le  bond to  g iv e  11*12 

d i h y d r o x y s t e a r o l i c  a e i d  ( I I ) .  On c a t a l y t i c  h y d r o g e n a t io n  

o f  ( I I )  an  11*12 d i h y d r o x y s t e a r i c  a c i d  ( I I I )  was o b t a i n e d  

p t .  1 2 6 -1 2 6 .5 ° C .  [a  l a t e r  sam ple  on c r y s t a l l i s a t i o n  

g av e  m . p t .  1 2 ? - 1 2 8 ° C .3• The s t r u c t u r e  o f  t h i s  a c i d  was

shown by o x i d a t i o n  w i th  p o ta s s iu m  p e r i o d a t e  ( c f .  G unstone 

1 9 5 4 ) ,  t h e  p r o d u c t s  b e in g  h e p t a n a l  ( I I I A )  and  IG -fo rm jr l -  

d e c a n o ic  a c i d  ( I I I B )  which was s u b j e c t  to  f u r t h e r  o x i d a t i o n  

w i t h  p o ta s s iu m  p e rm a n g an a te  to  g i v e  1*11 u n d e c a n e d io ic  a c i d .

P r e v i o u s  w ork  on th e  11*12 d i h y d r o x y s t e a r i c  a c i d s  

(B ou nds , L i n s t e a d  and Weedon 1954) shows t h a t  t h e  e r y t h r o  

a c i d  h a s  a  m .p t .  a b o u t  129°C . ( v a l u e s  from  12 5*5-126°C . to  

129**130°C. h av e  been  r e p o r t e d )  and th e  t h r e o  a c i d  a b o u t  

9 4 °G. I t  i s  t h e r e f o r e  e v i d e n t  t h a t  I I I  m ust  be e r y t h r o  

11*12 d i h y d r o x y s t e a r i c  a c i d ,  and  s i n c e  p e r f o r m ie  a c i d  g i v e s  

t r a n s  a d d i t i o n  to  t h e  d o u b le  b o n d , i t  f o l l o w s  t h a t  t h e  

o r i g i n a l  d o u b le  bond o f  th e  s a l t a l b i c  a c i d  m ust have  h ad  

t&© t r a n s .  c o n f i g u r a t i o n .  ( c f .  R aphae l 1 9 4 9 ) .  The t r a n s  

n a t u r e  o f  t h e  d o u b le  bond h a s  a l s o  b e en  c o n f i rm e d  by i n f r a  

r e d  s p e c t r o s c o p y  (G unstone and  McGee 1 9 5 4 ) .  From th e  

f o r e g o i n g  e v id e n c e ,  s a n t a l b i c  a c i d  m ust h av e  th e  s t r u c t u r e  

A) w i t h  th e  d o u b le  bond h a v in g  th e  t r a n s  c o n f i g u r a t i o n .



F u r t h e r  R e a c t io n s  on S a n t a l b i c  A cid  and i t s  D e r i v a t i v e s

The s t r u c t u r e  o f  11s 12 d ih y d ro x y  s t e a r o l i c  a c i d  (II )  was 

c o n f i rm e d  by o x i d a t i o n  w i t h  p o ta s s iu m  p e r i o d a t e  ( c f .  Guns to n e  

1954) to  g iv e  h e p t a n a l  and 1 0 - form y1 d e e - 9 - y n o i c  a c i d  ( I V ) . 

A l th o u g h  n o t  v e ry  s t a b l e  t h i s  compound was s a t i s f a c t o r i l y  

a n a l y s e d ,  i t s  u l t r a v i o l e t  a b s o r p t i o n  m easu red  and a  2*4 

d i n i t r o p h e n y l h y d r a s o n e  p r e p a r e d .  T h is  l a t t e r  compound i s  

a  deep  y e l l o w  c o lo u r  i n  c o n t r a s t  to  t h e  o ra n g e  and r e d  

c o l o u r s  g e n e r a l l y  a p p a r e n t  i n  t h e  2*4 d in i t r o p h e n y lh y & r a z o n e s  

o f  a p  u n s a t u r a t e d  a ld e h y d e s  and  k e to n e s  ( e . g .  2*4 d i n i t r o -  

p h e n y lh y d ra z o n e  o f  l l~ fo rm y lu n d e e -* 1 0 -e n o ic  a c i d  was o b t a i n e d  

from  e t h a n o l  a s  d eep  o ra n g e  c r y s t a l s *  G unstone 1 9 5 4 ) .

S i m i l a r  y e l l o w  2*4 d i n i t r o p h e n y l h y d r a z o n e s  have  b e e n  r e p o r t e d  

from  b u t - 2 - y n a l  and  h e p t-2 -y n a J .  (L u n t  and Sondhe im er 1 9 5 0 ) .

T h is  d e c r e a s e d  c o lo u r  i n t e n s i t y  i s  p ro b a b ly  due to  th e  f a c t  

t h a t  t h e  IT e l e c t r o n s  o f  a  t r i p l e  bond a r e  more t i g h t l y  bound 

th a n  t h o s e  o f  a  s i m i l a r l y  s i t u a t e d  d o u b le  bond (R ap h ae l  1 9 5 5 a ) .  

The u l t r a - v i o l e t  sp e c tru m  o f  t h i s  a c e t y l e n i c  a ld e h y d e  (IV) i s  

I n t e r e s t i n g  i n  t h a t  a  h i g h e r  i n t e n s i t y  o f  a b s o r p t i o n  was 

o b s e rv e d  i n  h ex an e  s o l u t i o n  th a n  i n  a  s o l u t i o n  o f  r e c t i f i e d  

s p i r i t ® !  and i n  a d d i t i o n  o t h e r  maxima w ere n o t e d  i n  t h e  

f o rm e r  s o l v e n t  w hich  h a v e  p r e v i o u s l y  n o t  b e en  r e p o r t e d  ( s e e  

F ig u r e  1 0 ) .  The lo w e r  a b s o r p t i o n  i n  r e c t i f i e d  s p i r i t s  may 

be due to  h e m i a c e t a l  f o r m a t io n  a s  s u g g e s te d  by  Ashdown and 

K l e t a  1948 ( c f .  Crom bie 1 9 5 5 a ) .
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!

Bihydx’o x y s t e a r i c  a c i d  ( I I I )  was f u r t h e r  o x i d i s e d  w i th  

p o ta s s iu m  p e rm a n g a n a te  i n  a c e t i c  a c id  to  g iv e  h e p t a n o i c  a c i d  

and 1*11 u n d e c a n e d io ic  a c id *

P r e v i o u s  a t t e m p t s  to  c o n v e r t  th e  enyne sy s tem  o f  

x im em ynic  a c i d  to  th e  c o r r e s p o n d in g  c o n ju g a te d  d ie n e  by 

p a r t i a l  h y d r o g e n a t io n  u s i n g  a  p o i s o n e d  c a t a l y s t  p ro v e d  

u n s u c c e s s f u l*  ( L ig th e lm ,  S c h w a r tz  and von H o ld t  1 9 5 2 ) .

H ow ever, L i n d l a r  (1952) h a s  shown t h a t  on s h a k in g  w i th  

h y d ro g e n  i n  th e  p r e s e n c e  o f  a  l e a d  p o is o n e d  p a l l a d iu m - c a lc iu m  

c a r b o n a t e  c a t a l y s t  and q u i n o l i n e ,  a  t r i p l e  bond i s  r e d u c e d  

t o  a  d o u b le  bond h a v in g  t h e  c i s  c o n f i g u r a t i o n  (even  i n  t h e  

p r e s e n c e  o f  d o u b le  b o n d s ) .  Thus m e th y l  d e e a  t r a n s - 2 - e n -  4 -  

y n o a te  was r e d u c e d  to  m e th y l  d e c a  t r a n s ~ 2- c i s ~ 4«»dlenoate 

(Crom bie 1 9 5 5 b ) .  T h is  c a t a l y s t  h a s  a l s o  p ro v e d  i n v a l u a b l e  

i n  t h e  s y n t h e s e s  o f  v i t a m in  A, t h e  c a r o t e n o i d s  and a n a lo g o u s  

s u b s t a n c e s  (See  R a p h ae l  1 9 5 5 d ) . U s ing  t h i s  m e th o d , a  

c o n ju g a te d  a c i d  m .p t .  a b o u t  0°C . was o b t a i n e d  from  s r m t a l b i c  

a c i d .  I n  e t h a n o l  s o l u t i o n  t h e r e  ?/as no b r e a k  i n  h y d ro g e n  

a b s o r p t i o n  and  th e  r e a c t i o n  was s to p p e d  a f t e r  th e  r e q u i r e d  

am ount o f  h y d ro g e n  had  b e en  a b s o rb e d ;  i n  l i g h t  p e t ro le u m  

s o l u t i o n  t h e r e  a p p e a re d  t o  b e  no a b s o r p t i o n .  T h is  c o n ju g a te d  

d i e n o i c  a c i d  on e x a m in a t io n  by u l t r a - v i o l e t  s p e c t r o s c o p y  gave 

a  b ro a d  band w i th  a  maximum a t  231m)* ( £ 2 4 ,0 0 0 )  and  a  weak 

p o i n t  o f  i n f l e x i o n  a t  240mju ( s e e  F ig u r e  1 1 ) .  ( T h is  l a t t e r
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c h a r a c t e r i s t i c  m ig h t  o f  c o u r s e  be due to  t r a c e s  o f  s a n t a l b i c  

a c i d  i n  th e  p r o d u c t ,  s i n c e  t h i s  a c i d  was n o t  p u r i f i e d ) ,  

f h e s e  r e s u l t s  a g r e e  w i t h  t h e  p r o p e r t i e s  o f  o c ta d e c a - c i s ~ 9 - t r a n s « 

1 1 - d i e n o i c  a c i d  a s  p r e p a r e d  by  H i e h o l s ,  Herb and S iem enschneide^  

(1951) from  a l k a l i  i s o m e r i s e d  l i n o l e i c  a c i d  v i z .  m . p t .  - 6 °  to  

+ 3°C* and  maximum a t  233mju ( 6*24 ,4 0 0 ) .

I n  t h e  p r e s e n c e  o f  i o d i n e  t h i s  a c i d  r e a d i l y  i s o m e r i s e d  

( H i c h o l s ,  Herb ahd  B iem enschn e i& er 1951) to  p ro d u c e  th e  

c o r r e s p o n d in g  t r a n s - t r a n s  a c i d  m . p t .  5 3 ~ 5 4 °C ., w hich showed 

u l t r a v i o l e t  a b s o r p t i o n  s p e c t r a  w i th  a  maximum and two p o i n t s  

o f  i n f l e x i o n  ( s e e  F ig u r e  1 1 ) .  The maximum a t  231mju 

( f  3 3 ,5 0 0 )  and p o i n t s  o f  i n f l e x i o n  a t  227mji and 239n$h 

c o n f i rm  t h e  g e n e r a l  o b s e r v a t i o n  t h a t  t h e  t r a n s  iso m e r  shows 

m ore s t r u c t u r e  i n  th e  r e g i o n  o f  maximum a b s o r p t i o n  t h a n  t h e  

c o r r e s p o n d in g  o i s  i s o m e rs  ( c f .  maximum a t  231mju w i th  

f  32*200 o b t a i n e d  by H ic h o l s  e t  a l . 1 9 5 1 )•  I t  i s  i n t e r e s t i n g  

to  com pare t h e  u l t r a - v i o l e t  a b s o r p t i o n  sp e c tru m  o f  th e  t r a n s  ~ 

t r a n s  a c i d  (M angold’ s a c id s  Mangold 1894) w i th  t h e  p r o p o s i t i o n  

t h a t  a  c o n ju g a te d  d ie n e  s h o u ld  e x h i b i t  t h r e e  c u s p s ,  and 

t h a t  th e  f a i l u r e  to  f i n d  t h e s e  c u sp s  i s  i n  g e n e r a l  due to  th e  

l a c k  o f  s u f f i c i e n t l y  good r e s o l u t i o n  i n  s p e c t r o p h o to m e te r s  

(Hammond and L un d b erg  1 9 5 3 ) .  X ass (1944) h a s  a l s o  p u b l i s h e d  

a n  a b s o r p t i o n  sp e c tru m  f o r  t h i s  a c i d  ( o b t a i n e d  from  d e h y d ra te d  

c a s t o r  o i l ) ,  show ing a maximum a t  232mjz ( 6* 3 2 ,2 0 0 )  and two

p o i n t s  o f  i n f l e x i o n  a t  224mp and 2 3 9 ^  [Van d e r  H u ls t (1 9 3 5 )  

r e p o r t s  a  maximum a t  231mjx ( 6- 3 3 ,6 0 0 )  f o r  t h i s  a c i d ] .
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E v id e n c e  f o r  t h e  t r a n s * - t r a n s  c o n ju g a te d  n a t u r e  o f  Mangold* s

a c i d  was f u r t h e r  c o n f i rm e d  by th e  p r e p a r a t i o n  o f  t h e  maXeic 

a n h y d r id e  ad&uct*

A n o th e r  r e a c t i o n  i n  w hich  u s e  v/as made o f  L i n d l a r *s 

c a t a l y s t  was t h e  p r e p a r a t i o n  o f  11s 12 d ih y d r o z y o c ta d e o - c i s - 9 -*  

e n o ic  a c i d  ( ? )  ( i . e .  1 1 :1 2  d i h y d r o x y o le i e  a c i d ) .

S e l e c t i v e  h y d r o g e n a t io n  o f  a  t r i p l e  bond can  a l s o  he 

c a r r i e d  o u t  u s i n g  l i t h i u m  a lu m in ium  h y d r id e *  I t  h a s  b e e n  

shown t h a t  t h i s  r e a g e n t  f u r n i s h e s  e x c e l l e n t  y i e l d s  o f  t r a n s  

e t h y l e n e s  from  a c e t y l e n e s  i f  t h e  t r i p l e  bond i s  f l a n k e d  

by a  p r o p & r g y l i c  h y d r o x y l ’g ro u p .  (E a p h a e l  1 9 5 5 b , B a t e s ,  Jo n e s  

and  W h it in g  1954-}.

C H 3 ( C H 2 ) s - C H  =  C H - C E C - ( C H a y  C O O H  ------------^  C M 3 (CH2) 5X H ^ C H - C =  H20 H
L i C U H t f .  t

Y

C  W3 CCHt)^ . CH -  CH -  C E  C -  (C Coo H
UQxÛ

C H jC cH aX s  C H - C H -  CH^OH
O N  OH OH oH

v7
/  P d .

*J 6 H3 ( c h 2 )5  c h - c h - C c h * ) ^ - c o o h
^  OH OH
£   -til

UCUH

c.
L> C  W3 (C H i ) s  C H -  C H -  C H =  C H -(CHJ^-COOH

c.
C H3 Cc Ha )5  CH-CH -C H-CH -(c

OH OH OH OH



1 1 :1 2  D i h y d r o x y s t e a r o l i c  a c i d  ( I I )  seemed to  h av e  t h e  s t r u c t u r e  

n e c e s s a r y  f o r  t h e  r e d u c t i o n  o f  t h e  t r i p l e  bond and a t t e m p t s  

w ere  made to  r e d u c e  t h i s  a c i d  w i th  t h e  r e a g e n t  to  t h e  

c o r r e s p o n d in g  t r a n s ~ ene t r i o l *  I h i s  r e a c t i o n  was c a r r i e d  

o u t  s e v e r a l  t im e s  u s i n g  i n c r e a s i n g  q u a n t i t i e s  o f  l i t h i u m  

a lum in ium  h y d r i d e  and l o n g e r  r e a c t i o n  t im e s ,  b u t  t h e  o n ly  

p r o d u c t  o b t a i n e d  was t h e  y n e - t r i o l  (V I) f h e  s t r u c t u r e  o f  

VI was c o n f i rm e d  by p r e p a r i n g  x im eny ny l a l c o h o l  ( V I I I )

( L ig t h e l m » R u d lo f f  and S u t to n  1950) and s u b s e q u e n t ly  o x i d i s i n g  

t h i s  w i th  p e r f o r a t e  a c id  to  1 :1 1 :1 2  t r i h y d r o x y o c ta d e e - 9 - y n e

3?h© s e l e c t i v e  r e d u c t i o n  w i th  l i t h i u m  a lum in ium  h y d r id e  

h a s  b e en  e x p la in e d  (A t te n b u r ro w  @t a l  1952) by t h e  p r o b a b le  

f o r m a t io n  o f  an  i n t e r m e d i a t e  a lum in ium  com plex o f  t h e  t y p e :~

f h i s  m echanism  a c c o u n ts  f o r  the  n e c e s s a r y  p r e s e n c e  o f  a  

p r o p a r g y l i e  -OH g rou p  and f o r  t h e  t r a n s  c o n f i g u r a t i o n  o f  t h e  

p ro d u c t*  f h e  o n ly  o t h e r  e x c e p t io n  to  t h i s  s e l e c t i v i t y  h a s  

be en  t h e  c a s e  o f  a  compound i n  w hich  a  b u lk y  t r i m e t h y l c y c l o -  

h e x e n y l  g ro u p  was a  t o  t h e  t r i p l e  bond* S t e r i c  h in d r a n c e  

p r o b a b ly  p r e v e n t s  th e  f o r m a t io n  o f  a  com plex o f  t h e  above

(V I)

e
CH -  0 0 -  CH

Al

C = CH



typ® (R a p h a e l  1 9 5 5 c ) .  I t  t h e r e f o r e  seems t h a t  t h e r e  l a  

a  f u r t h e r  l i m i t a t i o n  o f  t h i s  r e a c t i o n  i n  t h a t  i t  i s  n o t  

a p p l i c a b l e  to  a c e t y l e n i c  g l y c o l s  o f  th e  ty p e  **C(OB)*C(OH)-C^C~. 

I t  i s  w e l l  known t h a t  th e  v i e  g l y c o l s  e a s i l y  form  m e ta l  

com plexes* t h u s  t h e  o x i d a t i v e  c l e a v a g e s  i n v o l v i n g  1 : 2  g l y c o l s  

and f o r m a t io n  o f  a ld e h y d e s  h av e  b e en  show n-to  be d e p e n d e n t  

on  t h e  i n i t i a l  f o r m a t io n  o f  com plexes  o f  th e  ty p e

— OH -  0 ^  /
I /  ( H e id t ,  G la d d in g  and P u rv e s  1 9 4 5 ) .  I t

-  OH ~ 0

t h e r e f o r e  seem s l i k e l y  t h a t  t h e  p r e f e r e n t i a l  f o r m a t io n  o f  a
©

com plex  o f  t h e  t y p e , — OH -  On. /Q  -  OH—
I Al |

•  0 E  C -  OH -  0 ^  ^ 0  — OH -  C =  C *

i n  t h e  c a s e  o f  1 1 :1 2  d i h y d r o x y s t e a r o l i c  a c i d  h i n d e r s  t h e  

f o r m a t io n  o f  th e  com plex i n v o l v i n g  th e  t r a n s i t i o n  o f  t h e  

t r i p l e  to  th e  t r a n s  d o u b le  b o n d .

C a t a l y t i c  r e d u c t i o n  o f  t h e  -y n e  t r i o l  (¥1 ) gave 

1 : 1 1 :1 2  t r ih y d r o x y o  c ta d e e a a e  ( ¥ 1 1 ) ,  a l s o  o b t a i n e d  by l i t h i u m  

a lum in ium  h y d r id e  r e d u c t i o n  o f  t h e  1 1 :1 2  d i h y d r o x y s t e a r i c  

a c i d  ( I I I )  and by c a t a l y t i c  r e d u c t i o n  o f  th e  1 :1 1 :1 2  

t r i h y d r o  xyo c t a d e c - c i s - »9~ene ( I X ) ,  th e  l a t t e r  c i s  ene t r i o l  

b e i n g  o b t a i n e d  by l i t h i u m  a lum in ium  h y d r id e  r e d u c t i o n  o f  th e  

d i h y d r o x y o le i e  a c i d  ( ¥ ) .

S an ta lu m  album Seed O i l .  from  s p e c t r o s c o p i c  d a t a ,  i t  i s  

e v i d e n t  t h a t  t h e  m ixed a c i d s  ( e x c l u d in g  u n s a p o n i f i a b l e  

m a t e r i a l )  c o n t a i n  95$ o f  s a n t a l b i c  a c i d  a lo n g  w i th  5$ o f  o t h e r
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u n i d e n t i f i e d  a c i d s ,  I k e  u l t r a - v i o l e t  a b s o r p t i o n  o f  th e  

o i l  i t s e l f  g i v e s  a  c o n t e n t  o f  88$ s a n t a l b i c  a c i d  ( a s  

g l y c e r i d e s ) ,  From t h i s  U.V. d a t a  th e n  th e  a p p ro x im a te  

c o m p o s i t io n  o f  t h e  o i l  can  be g iv e n  a s  88$ s a n t a l b i c  a c i d  7$ 

u n s a p a n i f i a b l e  m a t e r i a l  and 5$ m in o r  a c id s#

The e n -y n o ic  a c i d  h a s  now b e e n  r e c o g n i s e d  by L i g t h e l m , 

H o rn , S c h w a r tz  and  von  K o ld t  (1954) i n  t h r e e  S o u th  A f r i c a n  

X iiaen ia  s p e c i e s  ( N a tu r a l  o r d e r s  O la c a c e a e )  i X. c a f f r a ,

X# c a f f r a  v a r .  n a t a l e n s i a , X. a m e r ic a n a  var#  m i c r o p h y l l a . 

and by  H a t t  and Szumer (1954) i n  two s p e c i e s  o f  t h e  San ta lum  

gen us  ( N a tu r a l  O rder?  S a n t a l a c a a e ) t  S . a c u m in a tu s  (B .C .)  

( t h e  sw e e t  Quandong) and JS. M urrayana  (F .v#  M) ( t h e  b i t t e r  

Q uandong). The c o n t e n t s  o f  o i l  and p r o p o r t i o n s  o f  

x im en y n y l g l y c e r i d e  i n  t h e s e  o i l s  a r e  compared w i th  th e  

p r e s e n t  sam ple  i n  f a b l e  60 .

O i l $  o i l  
e x t r a c t e d

$  x im enyn y l 
g l y c e r i d e

S« a c u m in a tu s  B .C . 

S . M urrayana  F .v .M  

X lm en ia  o i l s  

S . album I*.

55 -60  

65 -70  

64#1-68#4 

5 5 .5

j  40 -43

22 -2 4

88

T here  h a s  b een  no e v id e n c e  f o r  t h e  p r e s e n c e  o f  a  h yd ro xy  a c id  

i n  t h e  o i l  from  S .  album  L. a s  h a s  b e en  fo u n d  in  th e  X. c a f f r a
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s e e d  o i l  ( l i g t h e l m  1954)* I t  i s  a p p a r e n t  from  t h e  f i g u r e s  

i n  T a b le  60 t h a t  s a n d a l  s e e d s  p r o v id e  th e  b e s t  s o u rc e  o f  t h i s  

en y n o ic  a c id jb e im g  r e a d i l y  i s o l a t e d  i n  h i g h  y i e l d  by 

c r y s t a l l i s a t i o n  o f  t h e  m ixed a c id s *  I t  i s  i n t e r e s t i n g  to  

n o te  t h a t  t h e  X im en ia  and S a n ta lu m  g e n e ra  b e lo n g  to  c l o s e l y  

r e la t e d  f a m i l i e s  g ro u p ed  i n  t h e  s s n t a l a l e s  and a p a r t  from  

two a n a l y s e s  (P u n tam b ek er  sr_d K r i s h n a  1 9 5 7 1 B oekeneogen 1939) 

o f  X* gm e r i c  ana  se e d  o i l ,  which may be i n  e r r o r  (c f*  l i g t h e l m  

e t  a l * 1954) e a c h  s p e c i e s  o f  t h e s e  two g e n e r a  y e t  exam ined  

c o n t a i n s  t h i s  e n y n o ie  ac id*  H a t t  and Szumer (1954) i n  t h e i r  

e x a m in a t io n  o f  t h e  two A u s t r a l  ianm em bers o f  th e  S a n ta la c e a e *
—ly i.mt  M U M lM W iPM JU'W  II i»llWJUIUMI  r

s u g g e s te d  t h a t  s a n t a l b i c  a c i d  f rom  S. a lb u m would p ro v e  i d e n t i c a lV/ uMIIIWliWlimiWMH

w i t h  x im e n y n ic  a c id *  As a  f u l l  e x a m in a t io n  c f  o i l s  from  

o t h e r  s p e c i e s  o f  S an ta lum  i s  e n v is a g e d  by t h e s e  w o rk e rs  i t  

w i l l  b e  i n t e r e s t i n g  to  s e e  i f  t h i s  a c i d  p r o v i d e s  a n o th e r  

i l l u s t r a t i o n  o f  a  p a r t i c u l a r  a c i d  b e in g  c h a r a c t e r i s t i c  o f  a  

b o ta n ic a l  c l a s s i f i c a t i o n *  (An acco u n t o f  t h i s  work h a s  b e en  

a c c e p te d  by th e  Chem ical S o c ie ty  fo r  p u b l i c a t i o n  i n  t h e  Jou rna l)* ,
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E x p e r im e n ta l

A b s o r p t io n  s p e c t r a  w ere  d e te rm in e d  w i th  a  Uhieam q u a r t z  

© peetropho& om eter u s i n g  r e c t i f i e d  s p i r i t s  a s  s o l v e n t  ( e x c e p t  

w h e re  o t h e r w i s e  s t a t e d } *  L ig h t  p e t ro le u m  r e f e r s  to  th e  

f r a c t i o n  o f  b . p t *  4-0-60 °C.

S an ta lu m  album L . Seed O i l ;.

She d r i e d  s e e d s  (100 « 1 5 .1 1 g m .) w ere , c o a r s e l y  g round  i n  a  

m o r t a r  end e x t r a c t e d  (Soxhlefc) w i th  l i g h t  p e tro leu m *

Removal o f  t h e  s o l v e n t  l e f t  a  ¥ i s e o u s  im le  g r e e n i s h - y e l l o w  

l i q u i d  o f  I .V .  1 5 2 .5  and 8*E. 532*8*

I s o l a t i o n  o f  S a n t a l b i c  a c i d :

The o i l  ( I3 1 g m .) was h y d r o ly s e d  by r e f l u x ! n g  w i th  

a l c o h o l i c  p o t a s h  (53gra. KOH/53gm. 1^0 i n  7 8 0 c . c .  a l c o h o l )  

f o r  one hour*  L u r in g  th e  h y d r o l y s i s ,  a  gummy m a t e r i a l  

s e p a r a t e d  o u t ,  w hich  was r e j e c t e d  i n  th e  l a t e r  e x t r a c t i o n *  

A bout 4 0 0 c .c *  o f  a l c o h o l  was d i s t i l l e d  from t h e  h y d r o l y s a t e ,  

and e x t r a c t i o n  o f  t h e  a c id  3 c a r r i e d  o u t  w i th  e t h e r  a f  t e r  

a c i d i f y i n g  th e  so a p s  w i th  25#' s u l p h u r i c  a c i d  and a d d in g  p l e n t y  

o f  w a t e r .  On d r y i n g  t h e  e t h e r e a l  s o l u t i o n  w i t h  a n h y d ro u s  

m agnesium  s u l p h a t e  and removing  t h e  s o l v e n t ,  103gm* o f  a  

g o ld e n  y e l lo w  o i l  waa p ro d u c e d .  Crude s a n t a l b i c  a c i d  

(77 gm. m .p t*  5 6 -3 8 ° C .)  was o b t a i n e d  by c r y s t a l l i s a t i o n  o f  t h e  

o i l  from  l i g h t  p e t r o le u m  a t  0°C . R e c r y s t a l l i s a t i o n  and

w o rk in g  up o f  th e  m o th e r  l i q u o r s  gave  th e  p u r e  a c id  (68gnu 

m .p t .  3 8 « 5 - 3 9 .5 ° C . ) a s  s h in y  w h i te  p l a t e s  and a  f u r t h e r  

q u a n t i t y  (lOgm. )  o f  c ru d e  a c i d .
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I n  v iew  o f  t h e  h i g h  p r o p o r t i o n  o f  s a n t a l b i c  a c i d  

p r e s e n t  i n  th e  o i l ,  s a n t a l b i o  a c id  was o b t a i n e d  d i r e c t l y  

from  th e  s e e d s ,  w i th o u t  i n t e r m e d i a t e  e x t r a c t i o n .  ( T h is  

m ethod s a v e s  t im e  b u t  t h e  y i e l d  i s  n o t  so h ig h )*

30 gat • o f  s e e d s  w ere c ru s h e d  i n  a  m o r ta r  and r e f l u x e d  

w i th  a l c o h o l i c  p o ta s h  (6gm. tC 0E /6o .c . HgO and 150o*c* 

a l c o h o l )  f o r  one h o u r ,  th e  s o l u t i o n  a ssu m in g  a  deep  y e l lo w  

c o l o u r .  About 50o*c . o f  a l c o h o l  was d i s t i l l e d  o f f  and th e  

r e m a in in g  s o l u t i o n  f i l t e r e d .  The r e s i d u e  r e m a in in g  on 

t h e  f i l t e r  p a p e r  was w e l l  washed w i th  w a t e r .  I t  was foun d  

t h a t  t h e  f i l t r a t e  became v e r y  d a rk  r e d  i n  c o l o u r  ( i . e .  on 

a d d i t i o n  o f  w a t e r ) .  S u l p h u r i c  a c id  ( 2 5 c . e . s  25^) was th e n  

added  and t h e  s o l u t i o n  e x t r a c t e d  w i t h  e t h e r  (3 x  1 5 0 c . c * ) % 

a t  t h i s  s t a g e  an e m u ls io n  was form ed which d id  n o t  e n t i r e l y  

s e t t l e  on  s t a n d i n g .  The c l e a r  e t h e r e a l  s o l u t i o n  was 

d e c a n te d  o f f  and th e  r e m a in d e r ,w h ic h  was i n  su s p e n s io n ^ w a s  

sh a k en  w i th  a n h y d ro u s  magnesium s u l p h a t e .  T h is  p r o c e d u r e  

seemed to  be s u c c e s s f u l  i n  b r e a k in g  th e  e m u ls io n  and m ost 

o f  t h e  y e l lo w  e t h e r  e x t r a c t  was f i n a l l y  o b t a i n e d  by 

d e c a n t a t i o n .  On d r y i n g  t h i s  e t h e r e a l  s o l u t i o n ,  rem o v a l  o f  

t h e  s o l v e n t  gave  an o ra n g e  y e l lo w  o i l  (1 0 .6 g m .) w h ich  l a t e r  

s o l i d i f i e d *  D is s o lv e d  i n  l i g h t  p e t r o le u m  ( 5 0 c . c . )  and 

a l lo w e d  to  c r y s t a l l i s e  a t  0°C . th e  o i l  gave  a  p a l e  y e l lo w  

s o l i d .  By r e d i s s o l v i n g  t h i s  s o l i d  i n  l i g h t  p e t ro le u m  

( 5 0 c . c . )  and p u r i f y i n g  by r e f l u x i n g  w i t h  an im al c h a r c o a l ,



f i l t r a t i o n  and c o o l i n g  s lo w ly  to  0°C . gave t h e  c h a r a c t e r i s t i c  

whit© p l a t e s  o f  s a n t a l b i c  a c i d  (5 .SgQ , $ m .p t ,  3 7 -7 9 ° C ) .

She p~ hrom ophenaey l e s t e r ,  p r e p a re d  by s t a n d a r d  m e th o d s ,  

was o b t a i n e d  a s  w h i t e  c r y s t a l s  m .p t .  5 3 -9 4 °C. (Found?

x im e n y n ic  a c id  5 3 .5 - 5 4 °C ( H a t t  and Szuraer 1954)1*

.D e te rm in a t io n  o f  U n s a p o n i f i a b l e  M a t e r i a l

2he u n s a p o n i f i a b l e  m a t e r i a l  i n  th e  o i l  was d e te rm in e d  by 

t h e  s t a n d a r d  method 'Sub-Comm. on B e tn .  o f  Unsap* M a t t e r  i n  

0 1 1 a and F a t s  1933)* T h is  m a t e r i a l  was o n ly  s p a r i n g l y  

s o l u b l e  i n  e t h e r  and s i m i l a r  s o l v e n t s  and was p r e s e n t  to  t h e  

e x t e n t  o f  6*9# i n  th e  o i l  (From u l t r a v i o l e t  d a t a  t h e  

u n s a p o n i f i a b l e  m a t t e r  i n  t h e  o i l  i s  7 4 ) .

U l t r a v i o l e t  A b s o rp t io n  S p e c t r a

I n  t h e  c a se  o f  th e  o i l ,  s p e c t r o s c o p i c  h e x an e  was u s e d  a s  

th e  s o l v e n t ,  and a s  th e  p u re  a c i d  h a s  a t  229m)2 o f  596 , t h e

c o n te n t  o f  s a n t a l b i c  a c i d  c o u ld  be d e te rm in e d  by m e a s u r in g  th e  

a b s o r p t i o n  a t  229mp ( t h e  maximum). I n  t h i s  way# th e  s a n t a l b i c  

a c i d  c o n t e n t  o f  t h e  m ixed a c i d s  e x c lu d in g  u n s a p o n i f i a b l e  i s  

95$ 570) and o f  t h e  o i l  i t s e l f  ( a s  g l y c e r i d e )  88$

H y d ro g e n a t io n  and Ox i d a t i o n  o f  S a n t a l b i c Acid

As t h e s e  r e a c t i o n s  had  been  a d e q u a te ly  c a r r i e d  o u t  i n  a  

s e r i e s  o f  p r e l i m i n a r y  e x p e r im e n ts  t h e y  were n o t  r e p e a t e d  i n  

t h i s  w ork . ( s e e  G unstone and McGee 1954; G unstone  and 

R u s s e l l  1 9 5 5 ) .

0# 65*6; H, 7 . 6 ;  B r 17*1$ . C a lc ,  f o r

C, 65 .7$  H, 7 .4 $  Br# 1 6 .3 $ ) ,  [ c f ,  m .p t .  o f  e s t e r  from
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P r e p a r a t i o n  o f  A cid  ( I I )

To s a n t a l b i c  a c i d  (22gxf.) d i s s o l v e d  I n  f o r m ic  a c id  

(98-100$$  2 4 0 c . c . )  by s t i r r i n g  a t  28°C *, 1 2 c , c .  o f  100

volum e h y d ro g e n  p e ro x id e  w&a added and th e  s o l u t i o n  s t i r r e d  

v i g o r o u s l y  f o r  a b o u t  £•§• h o u r s  a t  4C°C. Some o f  th e  fo rm ic  

a c i d  ( 1 5 0 c . c . )  was t h e n  removed u n d e r  r e d u c e d  p r e s s u r e  a t  

40®C*} and th e  r e s i d u e  a f t e r  a u d i t i o n  o f  p l e n t y  o f  w a te r  

e x t r a c t e d  w i th  e t h e r  (5 r. 2 C 0 c , c . ) ,  Removal o f  th e  s o l v e n t  

l e f t  t h e  h y d r o x y f  ormoxy e s t e r s  vdiich were h y d r o ly s e d  by 

r e f l u x i n g  w i th  3H aqueous sodium h y d ro x id e  (150c* c . ) * The 

eoap* w ere t h e n  pou red  i n t o  2 5 0 c .c .  o f  h o t  3$ h y d r o c h l o r i c  

a c i d  and th e  r e s u l t i n g  o i l ,  w h ich  s e p a r a t e d  o u t ,  was 

e x t r a c t e d  w i th  e t h e r  (3 x 1 5 0 c . c . ) and th e  s o l u t i o n  d r i e d  

w i th  a n h y d ro u s  magnesium s u l p h a t e .  The s o l v e n t  was rem oved 

g i v i n g  a d a r k  r e d  o i l  w hich  was c r y s t a l l i s e d  from  e t h e r  -  l i g h t  

p e t ro le u m  ( l i l |  2 0 0 c . e . ) to  g i v e  th e  c ru d e  d i h y d r o x y s t e a r o l i c  

a c i d  ( 8 ,4 g m . ) a s  a  y e l lo w  pow der. T h is  .m a te r i a l  w&.o th en  

d i s s o l v e d  i n  e t h y l  a c e t a t e  and r e f l u x e d  w i th  an im a l c h a r c o a l  

f o r  5 m in u t e s .  A f t e r  f i l t r a t i o n ,  t h e  r e s u l t i n g  c o l o u r l e s s  

s o l u t i o n  was a l lo w e d  to  s ta n d  a t  0 ° C . , y i e l d i n g  a  w h i te  

s o l i d  w h ich  on f u r t h e r  r e c r y s t a l l i s a t i o n  from  e t h y l  a c e t a t e  

gave  4*8gm, o f  a  w h i te  powder m . p t .  8 7 - 8 8 ° ,  A sam ple  o f  t h i s  

was r e  c r y s t a l  U s e d  from  a l c o h o l  to  g iv e  & m i c r o c r y s t a l l i n e  

w h i te  pow der m .p t*  88«89°C . ( C r i g o r  e,t a l • ,  1955 q u o te

8 P -9 0 °C •)  • founds C, 69 .55  H, 1 0 .2 $ ,  C a lc ,  f o r

C18H3 2 ° 4 : C* 69#2; H#
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H y d ro g e n a t io n  o f  11*12 25ihyO .rosystearc3.ic  A cid
j-.̂ -4a»m=fcin—n % » w < n — w m w n jwwiw nnn iiim rtM W x w m jp iw |wn|»»»<*«n«M>a3»Wi»Oi*wawwiw— x w w — M W W W W ^

D i h y d r o x y s t e a r o l i c  a c i d  (2gm .) was d i s s o l v e d  i n  a l c o h o l  

(50c#o # )  grid p a l l a d iu m  c h a r c o a l  (30Gmg*) a d d e d # th e  r e s u l t i n g  

s u s p e n s io n  b e i n g  sh ak en  w i th  h y d ro g en  u n t i l  no more g a s  was 

a b s o r b e d  (300c#c*  a t  20°0« ; t h e o r e t i c a l  2f>5c#c* a t  h V i . P . ) .

As t h e  d i h y d r o x y s t e a r i c  a c id  c r y s t a l l i s e d  o u t  d u r i n g  t h e  

h y d ro  gen a t i  o n , th o  s o l u t i o n  was warmed and t h e n  f i l t e r e d  

f r e e  o f  c a t a l y s t *  The f i l t r a t e  was th e n  a l lo w e d  to  s t a n d

o v e r n i g h t  a t  0 ° 0 .  f i l t r a t i o n  gave a  w h i te  powder (l#9gm »)

w h ich  on r e c r y s t a l l i s a t i o n  from  a lc o h o l  .y ie ld e d  11*12 

d ih y d ro x y  s t e a r i c  a c id  ( I I I )  a s  a  w h i te  m ic ro  c r y s t a l  l i n e  pow der 

m .p t*  1 2 6 -1 2 6 # 5 °C. (Pound: Ct 6 3 .3 ;  H, 1 1 .1 > .  Gale# f o r

c 18h 36°4  C’ 6 8 .4 ,  Ht 11 *4/0). A l a t e r  p r e p a r a t i o n  £ av e  a  

sam p le  m .p t*  127-120°C* A m ixed  i a . p t .  w i th  e r y t h r o  9*10 

d ih y d ro x y s t e a r i c  a c i d  ( m .p t .  1 2 9 -1 3 1 °C .)  gave  a  d e p r e s s i o n .  

O x id a t io n  o f  1 1 :1 2  D ihydroxy  s t e a r i c  Acid

D i h y d r o x y s t e a r i c  a c id  (0 .6 g m .)  was d i s s o l v e d  i n  g l a c i a l  

a e e t i e  a c i d  ( 2 5 c . c . )  and e x c e s s  o f  pow dered p o ta s s iu m  

p e rm a n g a n a te  added (1 .5 g m .)  i n  s m a l l  p o r t i o n s  a t  room tem p er

a tu r e  o v e r  a  p e r i o d  o f  J- h o u r ,  w i th  g e n t l e  s w i r l i n g  o f  th e  

f l a s h .  The t e m p e r a tu r e  o f  th e  f l a s k  was s lo w ly  r a i s e d  to  

4 0 °C. and  k e p t  a b o u t  t h a t  t e m p e r a tu r e  f o r  2 h o u r s ,  w i th  

g e n t le  s h a k in g .  Some o f  th e  a c e t i c  a c id  a s  t h e n  rem oved u n d e r  

r e d u c e d  p r e s s u r e ?  th e  s o l u t i o n  d e c o l o r i s e d  w i th  s u lp h u r  d i o x i d e ,  

d i l u t e  h y d r o c h l o r i c  a c id  added and th e  s o l u t i o n  s team  d i s t i l l e d .
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I  he r e s i d u a l  s o l u t i o n  from  t h i s  steam  d i s t i l l a t i o n  d e p o s i t e d  

a  w h i te  s o l i d  when c o ld  w h ic h ,  on r e c r y s t a l l i s a t i o n  from  

w a te r  gave  w h i t e  c r y s t a l l i n e  p l a t e s  o f  1*11 u n d e c a n e d io ic  

a c i d  (G#3gau* rn .p t*  108®5-109®5u0 ) . T h is  sam ple  h a d  a  m ixed

au.pt o f  1 0 8 * 5 -1 1 0 °0 . w i th  t h e  c r y s t a l s  o b t a in e d  from  th e  

o x i d a t i o n  o f  IQ -fa i ia y ld e o a 'iQ ic  a c i d  ( s e e  page  17^ ) .

The s te am  v o l a t i l e  f r a c t i o n  on  e x t r a c t i o n  w i t h  c h lo ro fo rm  

(3 x  5 0 c . c . ) y i e l d e d  on rem oval o f  th e  s o l v e n t ,  a  y e l lo w  o i l  

(0*15gBu). The p -b rom op lienacy l ester*  o f  t h i s  a c i d  was 

p r e p a r e d  a s  w h i te  c r y s t a l s  (from  e t h a n o l )  m .p t .  68—70°0o 

A m ixed r a . p t *  w ith  t h e  e s t e r  from an a u t h e n t i c  sam ple  o f  

h e p t a n o i c  a c i d  (m .p t .  6 6 -6 9 VC .)  gave no d e p re s s io n *

P e r i o d a t e  O x id a t io n  o f  11812 D i h y d r o x y a t e a r l c  A cid

A s o l u t i o n  o f  p o ta s s iu m  p e r i o d a t e  (l*5gffl*) i n  J3 s u l p h u r i c  

a c i d  f 7 5 e . e . ) was added  to  th e  d i h y a r o x y s t e a r i c  a c i d  (2 g m .) 

i n  e t h a n o l  ( 7 0 c * c . ) and th e  s o l u t i o n  shaken  a t  40°C . f o r  15 

m in u te s*  W ater ( 3 0 0 c * c . )  was th a n  added and t h e  s o l u t i o n  

e x t r a c t e d  w i th  e t h e r  (3 x  150c*c*)*  The s o l v e n t  was rem oved 

and t h e  p r o d u c t  ©team d i s t i l l e d  f o r  a b o u t  l i  h o u r s ,  c o l l e c t i n g  

a b o u t  25Qq*c. o f  d i s t i l l a t e  [c h e m ic a l  s e p a r a t i o n  gave l e s s  

s a t i s f a c t o r y  r e s u l t s 3 *

The r e s i d u a l  s o l u t i o n  on d i l u t i o n  w i th  w a t e r  ( I 5 0 c . c . ) 

was t h e n  e x t r a c t e d  w i th  e t h e r  (3 x 1 0 0 c * c * ) •  D ry in g  

w i th  a n h y d ro u s  magnesium s u l p h a t e  and rem oval o f  t h e  s o l v e n t  

gave O.Bgrao o f  a  y e l l o w i s h  o i l  w hich  s o l i d i f i e d  on  c o o l i n g .
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X h is  was d i  aso 1 v ed i n  1 ig l i t  p e i r o  1 sum ( 5 0 a . o . )  and c r y s t a l l i s e d  

a t  GCG. g i v i n g  a  w h i te  powder m .p t*  42»5-44°CU F u r t h e r  

r e c r y s t a l l i a & t i o n  from  l i g h t  p e t ro le u m  L b .p t .  6Q-8Q°C.s 

3 0 c . c . 3  gave  IQ - fo rm y ld e c a n o ic  a c i d  (XIXB) a s  a  w h i te  

pow der m . p t .  4 7 -4 6 * 0 .  [Pound; 0 * 6 5 .7 ;  H, 9 .9 fcA* G a le ,

f o r  ^ * 6 6 * 0 j H* 1 0 * 1 ^ ] .  i n e  2 i4  d i n i t r o p h e n y l -

h y d ra z o n e  o f  e t h y l  I G - f o r m y ld e c a n o a te  was o b t a i n e d  a s  y e l lo w  

n e e d l e s  m .p t .  59—60*0 . by d i s s o l v i n g  th e  a c i d  ( I I I B )  i n  

e t h a n o l  w i th  a  s u l p h u r i c  a c i d  s o l u t i o n  o f  t h e  h y d r a z in e  

h y d r o c h lo r id e *  [Pounds 0 ,  3 5 .7  f H, 6*7; R* 1 3 .9 ^ .

C alc*  f o r  ^ 9 ^ 2 8 ® 6 ^ 4 : 5^*9 ; *** 6 .9 ;  h> 1 3 . 7 ^ ] .

An a t t e m p t  was made to  p r e p a r e  t h e  2 ;4  d i n i t r o p h e n y l  

hydi’azone  o f  t h e  a c i d  i n  g l a c i a l  a c e t i c  a c i d ;  a f t e r  p u r i f i c 

a t i o n  by  c h ro m a to g ra p h y  on a  s i l i c a  g e l  column* a  sm a ll  

q u a n t i t y  o f  an  o ra n g e  y e l lo w  powder r a .p t .  89-90°C# was 

o b t a i n e d .

Ih e  s team  v o l a t i l e  m a t e r i a l  was e x t r a c t e d  w i th  e t a e r  

(3 x  1 0 0 c . c . )  g i v i n g  6o7ga . o f  a  r e a d i s h  y e l lo w  f r a g r a n t  o i l .

The 2 t4  d i n i t r o p h e n y l  hydr&zone o f  t h i s  compound was p r e p a r e d  

i n  t h e  u s u a l  m anner to  g iv e  o ra n g e  y e l lo w  p l a t e s  m .p t .  103-1Q4°C 

[Found ; C* 53#3» Hy 5 .9 $ .  C a lc ,  f o r  0 ,  5 3 .1 ;

H, 6«2$]« A m ixed  m .p t .  w i th  a  sam ple  o f  t h e  2 s4 d i n i t r o -  

p h e n y lh y b ra z o n e  o f  a u t h e n t i c  h e p ta n & l ( m .p t .  1 0 5 -1 0 5 * 5 °G) 

gave  m . p t .  1 0 4 .5 - 1 0 5 cC. L i t  was n o te d  d u r i n g  th e  p r e p a r a t i o n
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o f  th e  above  d e r i v a t i v e s  t h a t  o r a n g e - y e l lo w  compounds c o u ld  

b e  o b t a i n e d  f a i r l y  r e a d i l y  from

a u t h e n t i c  h e p t a n a l  b u t  th e  n u p ts*  w ere  a  l i t t l e  lo w e r  th a n  

t h a t  e x p e c te d  ( a b o u t  9 5 ° C . ) ] .

A n o th e r  p o r t i o n  o f  t h e  a ld e h y d e  a c i d  ( I I I  B) was 

s u b m i t t e d  to  o x i d a t i o n  by p o ta s s iu m  p e rm a n g a n a te a -  

lQ -F o rm y ld e c a n o ic  a c i d  (300mg*) was su sp en d ed  i n  d i l u t e  

s u l p h u r i c  a c i d  (60 e . e .  o f  l .M ) and an e x c e s s  o f  pow dered 

p o ta s s iu m  p ez iaan g an a te  added  (Q .8 g m .) • f h e  t e m p e r a tu r e  

o f  t h e  s o l u t i o n  was g r a d u a l l y  r a i s e d  to  50°C. an d  th e  

s o l u t i o n  sh a k en  a t  t h i s  t e m p e r a tu r e  f o r  45 m in u te s .  D eco lon 

i s a t i o n  w i th  s u lp h u r  d io x id e  fo l lo w e d  by f i l t r a t i o n  gave ab o u t  

Q.2gm* o f  a  p a l e  brown m a t e r i a l  w hich  was d i s s o l v e d  i n  

a l c o h o l  ( l 5 e . c . )  and r e f l u x e d  w i th  an im a l  c h a r c o a l  f o r  5 

m in u t e s .  F i l t r a t i o n  gave a  c o l o u r l e s s  s o l u t i o n  w hich  

d e p o s i t e d  a  w h i te  pow der m .p t .  105-107°0*  F u r t h e r  c r y s t a l l i s 

a t i o n  from  n i t r o m e th a n e  gave I s 11 u n d e c a n e d io ic  a c i d  a s  

m ic ro  c r y s t a l l i n e  w h i te  n e e d l e s  s i . p t .  1 0 9 - H 0 ° C .  [ L i t .  110°G . ]• 

[Founds C, 60 .95  Ht 9 .6 $ .  C a lc ,  f o r  C11H2004 s C, 6 1 .1 ;

H# 9.3$]*
F e r io & a te  O x id a t io n  o f  11>12 D i h y d r o x y s t e a r o l i c  A cid

2 gm. o f  t h e  d ih y d ro x y  s t e a r o l i c  a c i d  was s u b m i t t e d  to  

o x i d a t i o n  w i th  p o ta s s iu m  p e rm an g an a te  i n  s u l p h u r i c  a c id  a s  

o u t l i n e d  above  f o r  d i h y d r o x y s t e a r i e  a c i d .
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The a ld e h y d e  a d d  o b t a i n e d  from  t h e  r e s i d u a l  s o l u t i o n

o f  t h e  s team  d i s t i l l a t i o n  by e x t r a c t i o n  w i th  l i g h t  p e t r o le u m

y i e l d e d  a  s m a l l  q u a n t i t y  o f  a  w h i te  c r y s t a l l i n e  m a t e r i a l .

T h i s  was f u r t h e r  c r y s t a l l i s e d  from l i g h t  p e t ro le u m  to  g iv e

w h i te  c r y s t a l l i n e  p l a t e s  o f  1 0 - f o r m y ld e c - 9 - y n o ic  a c i d  ( IT )

m .p t .  25 .5 ~ 26 .5 °C *  [Pounds C, 67 .3*  H, 7 .9 $  f o r

® l l % 6̂ 3t C, 6 7 .3 ;  Hf 8.2 $ 3 .  I t  i s  recommended t h a t  t h i s

r e a c t i o n  be  c a r r i e d  o u t  a s  q u i c k l y  a s  p o s s i b l e  s i n c e  th e

a ld e h y d e  a c i d  seems to  p o ly m e r is e  r e a d i l y .  M easurem ent o f  t h e

U*V. a b s o r p t i o n  o f  t h i s  compound i n  r e c t i f i e d  s p i r i t s  showed
I '- 'b

a  b ro a d  band  w i t h  a maximum a b o u t  231 mp. 2 0 6 ) ,  w h i le

m easu rem en t in . n-hexan©  gave s l i g h t l y  d i f f e r e n t  r e s u l t s  

( s e e  p a g e  1 5 8 ) ,  (T h is  l a t t e r  m easu rem en t was made a  few 

w eeks l a t e r  on  a  sam ple k e p t  i n  a  s to p p e r e d  tu b e  a t  0 ° C . ) .

A sam ple  o f  t h e  2*4 d i n i t r o p h e n y l h y d r ^ s o n e  o f  t h i s  compound 

was p r e p a r e d  i n  g l a c i a l  a c e t i c  a c id  s o l u t i o n .  A d d i t io n  o f  

w a t e r  gave  a  b r i g h t  y e l lo w  m a t e r i a l  w h ich  on r e c r y s t a l l i s a t i o n  

from  e t h a n o l  d e p o s i t e d  a  y e l lo w  pow der (SOgm.) m .p t .  8 2 -8 5 °C . 

T h is  pow der was p u r i f i e d  by a  c h ro m a to g ra p h ic  p r o c e d u r e s -  

t h e  m a t e r i a l  was d i s s o l v e d  i n  b en zen e  ( 2 c . c . )  and p l a c e d  on 

to p  c f  a  s i l i c a  g e l  (100 m esh) column (20cm) w hich  was th e n  

e l u t e d  w i th  b e n z e n e .  The f i r s t  f i f t y  c . c . s .  o f  e l u e n t  

d i s l o d g e d  a  p a l e  y e l lo w  b a n d ,  and on c h a n g in g  t h e  e l u e n t  

g r a d u a l l y  to  50$ b e n s e n e - c h lo r o fo r m  s o l u t i o n  a  deep  y e l lo w  

band  was © lu te d ,  which on e v a p o r a t i o n  o f  th e  s o l v e n t  and
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c r y s t a l l i s a t i o n  from  e th a n o l  gave  10mg. o f  a  deep  y e l lo w  

pow der -  th e  2*4 d in i t r o p h e n y l h y d r a z o n e  o f  1 0 - f o r m y ld e c - 9 -  

y n o io  a c i d  (IV ) m . p t .  1 0 5 .5 - 1 0 6 .5 °C. [Poundi 0 ,  5 3 .9 ;

H, 5 . 3 |  H» 14.755. C a lc ,  f o r  Ci 7 H200 6H4 s C, 5 4 .2 ;  H, 5 . 4 ;

S ,  14.955).

The s team  v o l a t i l e  f r a c t i o n  on e x t r a c t i o n  w i th  e t h e r  

and rem o v a l  o f  t h e  s o l v e n t  gave a  y e l lo w  f r a g r a n t  o i l  ( 0 .5 g m .) • 

The 2*4 d in i t r o p h e n y l h y d r a z o n e  o f  t h i s  o i l  was p r e p a r e d  i n  

t h e  u s u a l  way g i v i n g  o ran g e  y e l l o w  n e e d l e s  m .p t .  1 0 5 - 1 0 5 .5°C. 

[ l i t .  1 0 6 ° 0 . ] «  [ fo und s  C, 5 3 .2?  Ht 6 .0?  N, 1 8 .8 $ .  c a l c ,  

f o r  C13H180 4I 4 ? C, 53 .1?  H, 6 . 2 ;  K, 1 9 .0 $ ] .  The' s e m i-  

c a rb  azo n e  o f  t h i s  f r a c t i o n  was a l s o  p r e p a r e d  and o b t a i n e d  

a s  w h i t e  c r y s t a l s  m .p t .  1 0 8 - 1 0 8 .5 °C. from  e t h a n o l .  Mixed 

m .p t .  w i t h  a  sam ple p r e p a r e d  from  a u t h e n t i c  h e p t a n a l  ( m .p t .  

1 0 7 -1 0 8 ° C ) .g a v e  1 0 7 .5 - 1 0 8 .5 °C.

P r e p a r a t i o n  o f  l i n d l a r *  s  C a t a l y s t

C a lc ium  c a r b o n a te  (50gm.s *A n a l a r 1) was m ixed  i n t o  

d i s t i l l e d  w a te r  ( 4 0 0 c . c . )  and 5 0 c . c .  o f  a  so lu tio ifc  o f  

p a l l a d iu m  c h l o r i d e  (4 .1 5 g m .s  5$) w ere  added  w h i l s t  s t i r r i n g  

a t  room t e m p e r a tu r e  f o r  5 m in u te s  and  t h e n  f o r  10 m in u te s  

a t  80*0• The h o t  s u s p e n s io n  was sh a k en  w i th  h y d ro g e n  u n t i l  

no m ore was a b s o r b e d .  [4 h o u r s  a t  20°C .s 1 7 6 0 c .c .  Hg ]• The 

s o l i d  was f i l t e r e d  o f f ,  w e l l  w ashed w i th  d i s t i l l e d  w a te r  (4 

l i t r e s )  and th e n  su sp en d ed  i n  500 c . c .  d i s t i l l e d  w a t e r  and 

v i g o r o u s l y  s t i r r e d  w h i l s t  a d d in g  a  s o l u t i o n  o f  l e a d  a c e t a t e
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(5gm. i n  1 0 0 c . c .  w a t e r ) .  S t i r r i n g  was c o n t in u e d  a t  room 

te m p e r a tu r e  f o r  10 m in u te s  and f o r  40 m in u te s  on  a  s team  

b a th *  The c a t a l y s t  was t h e n  f i l t e r e d ,  washed w i th  d i s t i l l e d  

w a te r  (6 l i t r e s )  and p l a c e d  i n  a  vacuum d e s i c c a t o r  to  d ry  

a t  40°C . f o r  8 h o u r s .  T h is  p ro d u c e d  49gm. o f  a  g re y  

pow der w hich  was u s e d  a  & a  p o i s o n e d  c a t a l y s t  i n  c o n ju n c t i o n  

w i th  q u i n o l i n e .

P a r t i a l  H y d ro g e n a t io n  o f  S a n t a l b i c  Acid

S a n t a l b i e  a c i d  (2 gsu ) was d i s s o l v e d  i n  e t h a n o l  ( 3 0 c « e . ) 

200mg* o f  L i n d l a r ’ s  c a t a l y s t  and 8 0 a g . o f  q u i n o l i n e  a d d e d .

T h is  s u s p e n s io n  was sh a k en  w i th  h y d ro g e n  i n  t h e  u s u a l  way. 

T h ere  was a  s low  b u t  s t e a d y  u p ta k e  o f  h y d ro g en  and a f t e r  200 

c . c .  o f  h y d ro g e n  h ad  b e e n  a b so rb e d  a t  20**C th e  r e a c t i o n  was 

s to p p e d .  [The u p ta k e  o f  h y d ro g en  showed no s i g n s  o f  

d i m i n i s h i n g  ( e f . Crom bie 1 9 5 5 b ) ;  t h e o r e t i c a l  v a lu e  f o r  

h y d ro g e n  a b s o rb e d  i n  th e  r e d u c t i o n  o f  one t r i p l e  bond to  on© 

d o u b le  bond i s  175 c . c .  a t  2 0 * C .] .  The s u s p e n s io n  was 

f i l t e r e d  and th e  a l c o h o l  s o l u t i o n  a l lo w e d  to  s t a n d  o v e r n i g h t  

a t  •»20°C* A w h i te  s o l i d  c r y s t a l l i s e d  o u t ,  b u t  a s  t h i s  

a p p e a re d  to  m e l t  a t  a b o u t  0 ° C . ,  t h e  s o l v e n t  was removed and 

th e  r e s i d u e  r e p l a c e d  i n  th e  r e f r i g e r a t o r  w here  i t  s o l i d i f i e d .  

T h is  s o l i d  on e x a m in a t io n  by u l t r a - v i o l e t  s p e c t r o s c o p y  

showed a  b ro a d  band w i th  a  maximum a t  231a^ ( E ^ a  856) and 

a  weak p o i n t  o f  i n f l e x i o n  a t  240mji ( s e e  page  159 ) .  These  

p r o p e r t i e s  a r e  c o n s i s t e n t  w i th  t h i s  s o l i d  b e in g  o c ta d e c - c i s -  

9 - t r a n s - l l - d i e n o i e  a c i d  (when th e  h y d r o g e n a t io n  was c a r r i e d
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!

o u t  i n  l i g h t  p e t ro le u m  t h e r e  a p p e a re d  to  be no u p t a k e  o f  

h y d r o g e n ) •

X s o m e r i s a t io n  o f  Q e t a d e c - c i s - 9- t r a n g - l i - d i e n o i c  a c i d

The c i s - t r a n a  a c i d  (2gpu) was d i s s o l v e d  i n  5 0 0 c . c .  l i g h t  

p e t r o le u m  and 1 5 c * c .  o f  a  s o l u t i o n  o f  i o d i n e  (N /^ qq) i n  t h e  

same s o l v e n t  a d d e d .  The s o l u t i o n  was th e n  p l a c e d  i n  b r i g h t  

s u n l i g h t  f o r  3 h o u r s  ( o r  i r r a d i a t e d  w i th  u . v .  l i g h t  f o r  J- h o u r ) , 

when th e  v i o l e t  c o lo u r  o f  th e  i o d in e  d i s a p p e a r e d .  The r e s i d u e ,  

a f t e r  rem o v a l  o f  t h e  s o l v e n t ,  was t h e n  c r y s t a l l i s e d  from  

a l c o h o l  g i v i n g  w h i te  c r y s t a l l i n e  p l a t e s  ( I g m .) m .p t .  4 8 -5 0°C . 

F u r t h e r  r e c r y s t a l l i s a t i o n  from  a lc o h o l  was c a r r i e d  o u t  g i v i n g  

w h i t e  p l a t e s  m . p t .  5 3 -5 4 °C. o f  o c t  ad e c- t r a n s - 9- 1 r a n s - 11 d i e n o i c  

a c i d .  (M ango ld f s  a c i d ) .  [Founds 0 ,  7 6 .9 ;  H, 1 1 .5 $ .  c a l c ,  

f o r  Q18H320 2 i C, 7 7 .1 ;  H, 1 1 .5 $ ] .  The a c i d  had  a  t l . ¥ .  

a b s o r p t i o n  c u rv e  w i th  a  maximum a t  2 3 1 ^  1198) and

two p o i n t s  o f  i n f l e x i o n  a t  227wp. and 239mp ( s e e  p a g e s l6 ^  ,163) •

The m a le i e  a n h y d r id e  a d d u c t  o f  th e  a c i d  was p r e p a r e d s -  

250mg* o f  a c i d  and  80mg. o f  m a ie ie  a n h y d r id e  w ere  m ixed and 

h e a t e d  to  7 5 °C. on  a  w a te r  b a t h .  The m ix tu r e  was k e p t  

a t  t h i s  t e m p e r a tu r e  f o r  2 i  h o u r s .  The o i l  p ro d u c e d  was 

d i s s o l v e d  i n  p e t r o le u m  e t h e r  ( b . p t .  6 0 -8 0 ° C . ) and p l a c e d  i n  

th e  r e f r i g e r a t o r .  T h is  p ro d u c e d  a  w h i te  c r y s t a l l i n e  m a t e r i a l  

m . p t .  7 8 - 8 2 ®0. On r e d i s s o l v i n g  i n  p e t ro le u m  e t h e r  a  p a r t  

o f  th e  m a t e r i a l  a p p e a re d  to  be f a i r l y  i n s o l u b l e  and t h i s
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l e s s  s o l u b l e  compound was f i l t e r e d  o f f  g i v in g  w h i t e  c r y s t a l l i n e  

p la te ®  m . p t ,  8 8 -9 0 °C. F u r t h e r  r e c r y s t a l l i s a t i o n  from  

p e t ro le u m  e t h e r  gave w h i t e  c r y s t a l l i n e  p l a t e s  m . p t .  9 2 .5 ~ 9 3 .5 ° C .  

{Found; C# 6 9 .8 ;  H, 8 f 8 $ .  C a lc ,  f o r  0 ,  6 9 .8 ;

H, 9 .1 $ 1 .  [ l i t e r a t u r e s  88°C . (B oeseken  and H oovers  1 9 3 0 ) ;  

94*5°0* (Kaufmann and B a l t e s  1936) 7 8 -9 6 QC. (Schmid and Lehmann 

1 9 5 0 )3 ,

F a f f t i a l  H y d ro g e n a t io n  o f  11*12 M h y d r o x y s t e a r o l i c  A cid

M h y d r o x y s t e a r o l i c  a c i d  ( l .O g ra .)  ?^as d is s o lv e d ,  i n  a l c o h o l  

( 3 0 e . e » ) ,  lOOmg. o f  L in d la r*  s c a t a l y s t  and 40mg. o f  q u i n o l i n e  

a d d e d ,  T h is  s u s p e n s io n  was th e n  sh ak en  w i th  h y d ro g en  u n t i l  

9 0 e , e ,  o f  h y d rogen  was a b so rb e d  ( t h e o r e t i c a l  v a lu e  78 c . c .  a t  

2 1 ° C . ) , On f i l t r a t i o n  and rem o va l o f  t h e  s o l v e n t ,  t h e  r e s i d u e  

wae d i s s o l v e d  i n  l i g h t  p e t r o le u m .  E e p e a te d  c r y s t a l l i s a t i o n  

fro®  t h i s  s o l v e n t  and f i n a l l y  from  n i t r o  me th a n e  gave e r y t h r o  

11*12 d ih y d r o x y o c t a d e c - c i s - 9 - e n o i c  a c id  (V) ( d ih y  d ro x y o l  e i c  

a c i d )  a s  m i c r o c r y s t a l l i n e  w h i te  n e e d l e s  m .p t .  6 8 - 6 8 .5°C.

[Found; Gf 6 8 .6 ;  H9 1 0 .8 $ .  C a lc ,  f o r  C, 6 8 .8 ;

f^ ic ra h y d ro g © n a t io n  shows 1 . 1  d o u b le  b o n d s ] .

L i th iu m  Alum inium Hydr i d e  B e d u c t ion o f  11*12 D i h y d r o x y s t e a r o l i c  

A cid

The d i h y d r o x y s t e a r o l i e  a c id  (1 gm.) was su sp en d e d  i n  d ry  

e t h e r  ( 2 0 c . c . )  and s lo w ly  added to  a s u s p e n s io n  o f  l i t h i u m  

a lum in ium  h y d r id e  (0.95gm*s 7 .5gm . m o l . )  i n  4 0 c . c .  o f  d ry  e t h e r ,  

w h i l s t  s t i r r i n g .  The s u s p e n s io n  was r e f l u x e d  on a  w a te r  b a th  

f o r  g^-hour® and th e n  a l lo w e d  to  s t a n d  o v e r n i g h t .  E th y l  

a c e t a t e  ( 1 0 c . c . )  and c o ld  3h h y d r o c h l o r i c  a c id  ( 2 0 c . c . )  w ere
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addled to  t h e  s u s p e n s io n  w hich  was th e n  e x t r a c t e d  w i th  e t h e r  

(3  x  100c* c . ) .  T h is  e t h e r  s o l u t i o n  was w ashed w i th  po tass -  

iu m h y d rK id e so lu t io n  (3 x  20c .#c .)  to  remove any unchanged  a c i d ,  

and t h e n  w i t h  w a t e r  u n t i l  f r e e  o f  a l k a l i  ( t e s t e d  w i th  p h e n o l -  

p h t h a l e i n ) #  On d r y i n g  w i th  a n h y d ro u s  magnesium s u l p h a t e  and 

rem o v in g  th e  s o l v e n t  a w h i te  s o l i d  (1 gm.) m .p t .  7 3 - 7 5 . 5°C. 

was o b ta in e d #  f u r t h e r  c r y s t a l l i s a t i o n  from  a lc o h o l  gave  

I s 11*12 t r ih y d r o x y o c ta d e e ~ 9 » y n e  (71) m .p t#  79*80°G a s  a  

w h i t s  powder# (fou nds  0 ,  7 2 . 1 j H, 1 1 .5 $ .  C a lc ,  f o r  

°1 8 H340 5* c ’ 7 2 *4 * Hf 11 .5 $  • M ic ro h y d ro g e n a t io n  i n d i c a t e d  

0 . 9  t r i p l e  bond o r  1 .3 2  dou b le  b o n d s ) .

I n c r e a s i n g  t h e  q u a n t i t y  o f  l i t h i u m  a lum in ium  h y d r i d e

[lOgm* mol  ■■■'■■>" 16gm m o l . ]  and v a r y i n g  th e  t im e  o f  r e f l u x

( l  h o u rs  11 H o u rs )  d id  n o t  change  th e  n a t u r e  o f  t h e  p ro d u c t#  

P r e p a r a t i o n  o f  I s  1 1 s12 T r ih y d r o x y o c ta d e c -9 -y n e  from  B a n t a l b i c  

A cid

S a n t a l b i c  a c i d  ( 1 . 6 g n . ) was d i s s o l v e d  i n  d iy  e t h e r  ( 2 5 c . c . )  

and  s lo w ly  added  t o  a  s u s p e n s io n  o f  l i t h i u m  alum inium  h y d r id e  

( 0 . 3gst*5 5go* m ol) i n  d ry  e t h e r  ( 3 0 e . c . )  and r e f l u x e d  f o r  

1 h o u r  w h i l s t  s t i r r i n g .  The s u s p e n s io n  was a l lo w e d  to  s t a n d  

o v e r n i g h t  and worked up th e  u s u a l  way ( a s  f o r  VI) g i v i n g  a  

y e l lo w  o i l  ( 0 .9 g n u ) t  a  sam ple (0 .3 g m .)  o f  w hich  on c r y s t a l l i s 

a t i o n  from  p e t r o le u m  e t h e r  ( b . p t .  8 0 -1 0 0 ° C .)  gave x im enyn y l 

a l c o h o l  (V I I I )  a s  a  w h i te  s o l i d  m .p t .  23 -2 5 °C . ( l i t .  3 0 - 3 1 ° 0 . ) .  

The a - n a p h t h y l  u r e t h a n e  d e r i v a t i v e  was p r e p a r e d  and gave w h i te  

c r y s t a l s  from p e t ro le u m  e t h e r  ( b . p t .  6 0 -8 0 ° C . ) m .p t .  56 -57°C .
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( l i t *  57 -57*5°C *)•

Ximenynyl a l c o h o l  (0*6gm .) was su sp en d e d  i n  5 c • a  f o r m ic  

a c i d  (9 8 -1 0 0 $ )  and 0*3c*e* o f  100 volume h y d ro g en  p e r o x id e  

added* The m ix t u r e  was sh a k e n  a t  40 °C# f o r  a b o u t  2 h o u r s  

( a s su m in g  a  r e d d i s h  y e l lo w  c o lo u r )  and a  q u a n t i t y  o f  f o rm ic  

a c i d  t h e n  rem oved u n d e r  r e d u c e d  p r e s s u r e  a t  40°C. The 

r e s i d u e  was h y d r o ly s e d  by r e  f l u x i n g  on t h e  steam  b a t h  w i th  

aq u eo u s  3N sodium  h y d ro x id e  s o l u t i o n  ( 2 c . c . ) f o r  5 m in u t e s .

The r e s u l t i n g  s o l u t i o n  was d i l u t e d  w i th  w a te r  ( 5 0 c . c . )  and 

e x t r a c t e d  w i th  e t h e r  (3 x  3 0 c * c . )* t h e  e t h e r e a l  s o l u t i o n  

b e i n g  d r i e d  w i t h  an h y d ro u s  magnesium s u l p h a t e .  Removal o f  

t h e  s o l v e n t  gave 0 .25g*u  o f  a  y e l lo w  o i l  w hich  s o l i d i f i e d  on 

p l a c i n g  i n  th e  r e f r i g e r a t o r .  Re c r y s t a l l i s a t i o n  from e t h y l  

a c e t a t e  y i e l d e d  a  s m a l l  q u a n t i t y  o f  a  w h i te  powder m * p t.

7 6 - 7 7 °G. A m ixed  m .p t .  w i th  compound VI o b t a i n e d  by  l i t h i u m  

alum in ium  h y d r i d e  r e d u c t i o n  o f  d ih y d ro  s t e a r o l i c  a c i d  ( m .p t .  

7 8 -7 9 °C .)  gave m .p t .  7 7 ~ 7 9 °C .t th u s  c o n f i rm in g  t h a t  VI i s  t h e  

- y n e  $ r i o l .

P r e p a r a t i o n  o f  I s l l t l g  T r ih y d ro x y o o ta d e c a n e  ( V I I )

a )  D i h y d r o x y s t e a r i c  a c i d  ( I I I )  ( 0 .1 5 g m •)  was d i s s o l v e d  i n  d ry  

e t h e r  ( 1 0 c . c . )  and s lo w ly  added t o  a  s u s p e n s io n  o f  l i t h i u m  

a lum in ium  h y d r i d e  (0*2gm»s 18gm. m o l . )  i n  d ry  e t h e r  ( 2 0 c . e . )  

w h i l s t  s t i r r i n g .  The s u s p e n s io n  was r e f l u x e d  f o r  2 h o u r s  and 

th e n  worked up a s  u s u a l  ( a s  f o r  VI) g i v i n g  a  w h i te  powder 

(O . lg m .) m . p t .  124-125°C . F u r t h e r  r e c r y s t a l l i s a t i o n  from



181

e th a n o l  gave  I s  11 *12 t r ih y d r o x y o c ta & e c a n e  (Y U ) a s  a  w h i te  

pow der m .p t*  1 2 6 - 1 2 6 .5°C* [1*011114: Ct 7116} H» 10 * 5 $ .

C a lc .  f o r  c i 8 H3 8 ° 3 3 71*5 ; Hf 1 2 .7 ^ 3 .

b )  1*11*12 T r ih y d ro x y o c ta d e e -9 » y n e  (V I) (O .lg m .)  was 

d i s s o l v e d  i n  e t h a n o l  ( 2 0 c » o . ) and p a l la d iu m  c h a r c o a l  (20 m g.) 

added# The s u s p e n s io n  was sh ak en  w i th  hy d ro g en  u n t i l  no more 

h y d ro g e n  was a b s o rb e d .  On f i l t r a t i o n  and e v a p o r a t i o n  o f  th e  

s o l v e n t  a  w h i t e  powder (V I I )  was o b t a i n e d  m .p t .  1 2 2 - 1 2 3 .5 °C.

c )  11*12 K ih y d r o x y o le ic  a c i d  (? )  (0 .2 g m .) was d i s s o l v e d  i n  

d r y  e t h e r  ( 2 0 c . e . )  and ad d ed  s lo w ly  to  a  s u s p e n s io n  o f  

l i t h i u m  a lum in ium  h y d r id e  ( 0 .1  gm .: 4.6gra. m o l . )  i n  d r y  e t h e r

(2 0 c .  c . ) .  The s u s p e n s io n  was th e n  r e f l u x e d  f o r  3 h o u r s

and t h e  t r i h y d r o x y  compound e x t r a c t e d  a s  i n  (VI) to  y i e l d  

O.Xgm* o f  an  im pure  w h i te  s o l i d .  C r y s t a l l i s a t i o n  from 

p e t ro le u m  e t h e r  ( b . p t .  6 0 - 8 0 ° C .) gave a  sm a ll  q u a n t i t y  o f  

a  w h i te  pow der m .p t .  51-52°C  which was p r o b a b ly  1*1.1 *12 

t r i h y d r o x y o c t a d e c - c i s - 9~ene ( IX ) ,  s i n c e  m ic r o h y d r o g e n a t io n  

i n  g l a c i a l  a c e t i c  a c i d  (Kg u p ta k e  £ 0 .9 4  d o u b le  bond) gave 

a  w h i te  pow der m .p t .  122~124°C ( V I I ) .

Sam ples o f  V II  o b t a i n e d  v i a  a )  * b) and e) when m ixed 

t o g e t h e r  d i d  n o t  show any d e p r e s s i o n  o f  supts*
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